
THE JOURNAL OF 
PHYSIOLOGY 

EDITED FOR 

THE PHYSIOLOGICAL SOCIETY 

BY 

S. ADAIR G. L. BROWN {Chairman) R. C. GARRY 
A. PETERS H. S. RAPER E. N. WIIJ.MER 


VoL. 103 

1944-45 


LONDON 

CAMBRIDGE UNIVERSITY PRESS 



OAMBBIBGE 
UNIVEK8ITY PBE8S 

lokdon: bektley house 

BOMBAY CALCUTTA MADBAS 

MacmiDaii 

All rights reserved 


PEHTTED IN GREAT BKITAIN 



CONTENTS OE VOL. 103 
No. 1. 15 June 1944 


PAGE 

Effect of age upon dark adaptation. By G. W. Robertson* and Johb* 

^ 

The action of Titamin D upon the incisor teeth of rats consuming 
lets “with a high or low Ca : P ratio. By J. T. Ihvisg .... 9 

The nature of synaptic transmission in a sympathetic ganglion. By 

. C. 

The action of adrenaline on transmission in the superior cervical 
anglion. By Edith Buxbhes'g _55 


The pressor bases of normal urine. By jIIabt F. Lockett . . . 6S 

Action of acetylcholine, atropine and eserine on the central nervous 
ystem of the decerebrate cat. By I. Caiaia. and Saaisok Weight . 93 

Stimulus intensity in relation to excitation and pre- and post-excitatory 
nhibition in isolated elements of mammalian retinae. By Ragxae 
Jhakit 103 

The role of the peripheral stump in the control of fibre diameter in 
regenerating nerves. By F. K. Saudebs and J. Z. Youxg . . .119 


No. 2. 29 September 1944 

The effect of morphine and hyoscine on dye concentration curves in 
plasma volume determination. By R. G. Bowles, A. C. CsoOKE and 
C. J. 0. R. Mosbis 137 

The behaviour of the cervix uteri in vivo. By J. Adleb. G. H. Bell 
and J. A. C. Kxox 

The excretion of histamine in urine. By G..V. Axeep, M. S. Ayadi 

G. S. BASsomi, J. R. Sjjith and M. M. Talaat ' . 

Cation antagonism in blood coagulation. By G. D. Geeville and 

H. Lehaiaxx 

The isolation and identification of a pressor base from normal urine. 

By Maey F. Lockett 

Farther observations on the effects of alloxan on the pancreatic islets 
By .J. Shaw Duxx, E. Dutfy, M. K. GnmouE, J. Kxbkpatbick and 
N. G. B. IIcLetchie 

Hp;rpnoea in man produced by sudden release of occluded blood 
rs.v J. A. Mills ... 


142 

155 

175 

185 

233 


244 



IV 


CONTENTS 


No. 3. 16 December 1944 

Investigations on muscle atrophies arising from disuse and tenotomy. 
By J. C. Eocles 

Absolute muscle force in the ankle flexors of man. By H. A. Haxton . 

The acid-labile COj in mammalian muscle and the pH of the muscle 
fibre. By E. J. Conway and P. J. Feamon 

The action of adrenaline and of choline-esters on the uterus of the 
sheep. By J. A. Gitstn 

Liberation of histamine during reactive hyperaemia and muscle con- 
traction in man. By G. V. Aneep, G. S. BaesoAm, S. Salama and 
Z. SOTJIDAIsr 

Emulsification of fat in the intestine of the rat and its relationship 
to absorption. By A. C. Eeazee, J. H. Sohtilman and H. C. Stewabt . 

Observations on some conditions affecting the rate of hormone output 
by the suprarenal cortex. By Maethe Vogt 

• The inhibition of histamine release by a pituitary-adrenal mechanism. 
By G. Ungae 

An optical method for recording peripheral blood pressures and pulse 
rates in unanaesthetized and in anaesthetized rabbits. By C. B. B. 
Dowemae, Couea C. Maokenzib and B. A. MoSwiney 

The effects of acute haemorrhage on the peripheral blood pressure in 
unanaesthetized and in anaesthetized rabbits. By C. B. B. Dowemae, 
CouEA C. Maceeezib and B. A. McSwieev 




No. 4. 28 March 1946 

Glycogen in adipose tissue. By E. Wbethbimbe . . . . 

Synthesis of acetylcholine by tissue of the central nervous system. 

By W. Peldbeeg 

Excitability changes at the neuro-muscular junction during tetany. 
By Stephee W. 

Effect of the initial level of the blood pressure upon the response of 
the human subject to blood pressure raising reflexes. By M. B. Bettoe, 
R. T. Maeten and F. H. Sjukk ....•••• 
Respiration and cardiac output in the isola^ted heart-lung-head prepara- 
tion in the rat. By E. W. H. 


page 

253 

267 

274 

290 

297 

306 

317 

333 

344 

350 

359 

367 

403 

412 

417 



CONTENTS 


PAGE 


Facilitation, inhibition' and depression at the ‘artificial synapse’ 
formed by the cut end of a mammalian nerve. By Rag>;ak Graxit and 
C. R. SkogltjRI) . 435 

The mechanism of -nater diuresis in normal rats and rabbits as analysed 
by mulin and diodone clearances. By S. E. Dicker and H. Heeler . 449 

Observations upon thermal bums; the influence of moderate tempera- 
ture bums upon a proteinase of skin. By A, Beloef and R. A. Peters . 461 

The activity of vagal stretch endings during congestion in perfused 
limgs. By E. Bulbeevg and D. W HiTiK SEDGE 477 



vi 


I 

LIST OF AUTHORS 


^ LIST OF AUTHORS 

Adlee, J Bell, G. H. and K^rox, J. A. C. Cervix uteri in vivo . 
Aitrep, G. V., Ayadi, M. S., Baesoum, G. S., Smith, J. R. and Talaat, 
M. M. Excretion of histamine in urine ...... 

Anebp, G. V., Baesoum, G. S., Salama, S. and Soutdan, Z. Bdstamine 
and reactive hyperaemia ......... 

Ayadi, M. S., Baesoum, G. S., Smith, J. R., Talaat, M. M. and Aneep, 
G. V. Excretion of histamine in mine ...... 

Baesoum, G. S., Salama, S., Souidan, Z. and Aneep, G. V. Histamine 
and reactive hyperaemia ......... 

Baesoum, G. S., Smith, J. R., Talaat, M. M., Aneep, G. V. and Ayadi, 
M. S. Excretion of histamine in urine ...... 

Bell, G. H., EInox, J. A. C. and Adlee, J. Cervix uteri in vivo . 
Beloff, a. and Peters, R. A. Burns and proteinase of skin 
Bowler, R. G., Ceooke, A. C. and Morris, C. J. 0. R. Anomalous dye 
concentration curves ......... 

Bruce, M. B., Martin, R. T. and Smirk, F. H. Pressor reflexes in man . 
Bulbeing, Edith. Adrenaline action on ganglionic transmission . 
BiiLBEiNG, E. and Whitteeidoe, D. Pulmonary congestion and vagal 

receptors 

Calma, I. and Weight, Samson. Acetylcholine on central nervous 

system 

Conway, E. J. and Feaeon, P. J. Acid-labile CO 2 .... 
Crooke, a. C., Morris, C. J. 0. R. and Bowler, R. G. Anomalous dj^e 
concentration curves 

Cruickshank, E. W. H. Respiration and cardiac output 
Dicker, S. E. and Hjeller, H. Mechanism of water diuresis 
Downman, C. B. B., 1\Iackenzie, Colina C. and McSwiney, B. A. 
B.P. an^ pulse rates from rabbit’s ear ...... 

Downman, C. B. B., Mackenzie, Colina C. and McSwtney, B. A. 
Haemorrhage and peripheral blood pressure ..... 

Duffy, E., Gilmour, M. K., Kcrkpateick, J., MoLetchie, N. G. B. 

and Dunn, J. Shaw. Alloxan and pancreatic islets 
Dunn, J. Shaw, Duffy, E., Gilmour, M. K., Kiekpateiok, J. and 
McLetohib, N. G. B. Alloxan and pancreatic islets 
Ecoles, j. C. Muscle atrophy frnm disuse and tenotomj^ 

Ecoles, j. C. 'Synaptic transmission in ganghon . . . . • 

Feaeon, P. J. and Conway, E. J. Acid-labile CO, . . ' . 

Feldbeeg, W. Acetylcholine synthesis in C.N.S. . . . ■ • 

Eeazer, a. C., Sohulman, J. H. and Stewart, H. C. Emulsification 
and fat absorption . . . / . 


PAGE 

142 

165 

297 

155 

297 

155 

142 

461 

137 

412 

55 

477 

93' 

274 

137 

417 

449 

344 

360 

233 

233 

263 

27 

274 

367 

306 



LIST OF AUTHORS 


vu 


PAGE 


Ghaioue, M. K., Kjkkpatkiok, J., McLetchie, N. G. B., Dirs-y, J. Shaw 
and Dupfst, E. AUoxan and pancreatic islets . . . . • 

Grakit, Ragxae. Excitation and inMbition in retinal synapses . 
GEAxrr, Ragxab and Skogliest), C. R. Severed nerve as artificial 
synapse 

GKEvnan:, G. D. and LEmiAN-x. H. Cation antagonism in -blood coagula- 
tion 

GtHvX, J. A. Adrenaline on the uterus of the sheep .... 

Haxtox, H. a. Muscle force in ankle flexors ...... 

TTv.t.t.'rB j H. and Dickee, S. E. Mechanism of water diuresis . 

Ietixg, j. T. Vitamin D and the teeth 

Kiekpatbick, j., McLetchte, N. G. B., Dmrx, J. Shaw, Dupfy, E. and 
GrLMOtTE, il. K. Alloxan and pancreatic islets .... 
Ejxox, J. A. C., Adler, J. and Bell, G. H. Cervix uteri in vivo . 
KtrpELES, Stephex W. Merve-muscle jimction during tetany 
LehuaIvN, Bl. and Grevhle, G. D. Cation antagonism in blood coagula- 
tion 

Lockett, ^Mary E. Pressor bases of normal urine 

Lockett, Maby F. Urinary pressor base 

^Iackexzie, CoLrxA C., McSwixey, B. A. and DowxiiAX, C. B. B. B.P. 
and pulse rates from rabbit’s ear ....... 

Mackexzie, Coltxa C., McSwinet, B. A. and Do-wxiiax, C. B. B. 
Haemorrhage and peripheral blood pressure ..... 

McLetchte, N. G. B., Duxx, J. Shaw, Dhefy’, E., GrtAiouE, M. K. and 
Ktekpatbick, j. Alloxan and pancreatic islets .... 

McSwrsEY, B. A., Dowxjiax, C. B. B. eind ilACKEXziE, Colexa C. 
B.P. and pulse rates from rabbit’s ear ...... 

McSwetey, B. a., Dowstmax, C. B. B. and Mackexzee, Colixa C. 
Haemorrhage and peripheral blood pressure ..... 

^Iaetxx, R. T., SmsK, F. H. and Bruce, M. B. Pressor reflexes in man . 
iliLLS, J. X. Hyperpnoea and pulmonary congestion .... 

Morris, C. J. 0. R., Bowler, R. G. and Ceooke, A. C. Anomalous dye 
concentration curves ....... 

Peters, R. A. and Belopf, A. Bums and proteinase of skin' 
Robeetsox, G. W. and Yuukix, Johx. Age and dark adaptation 
Salaiia, S., Soutdax, Z., Axeep, G. V. and Baesoum, G. S. Histamine 
and reactive hyperaemia . . . ' . 

Saxders, F. K. and Youxg, J. Z. Fibre diameter in regenerating 
nerves ....... 

ScHULMAX, J. H., Stewart, H. C. and Frazer, A. C. Emulsification 
and fat absorption ...... 

Skogluxd, C. R. and Graxtt, Ragxae. Severed nerve as artificial 
synapse 

SiHRK, F. H., Bruce, M. B. and ISIartix, R. T. Pressor reflexes in man 


233 

103 

435 

175 

290 

267 

449 

9 

233 

142 

403 

175 

6S 

185 

344 

350 

233 

344 

350 

412 

244 

137 

461 

1 

297 

119 

306 

435 

412 


J 


viii LIST OF AUTHORS 

PAGE 


Smith, J. R., Talaat, M. M., Ahbep, G. V., Ayadi, M. S. and Bas- 

SOHM, G. S. Excretion of bistamine in nrine 165 

SoTJiDAH, Z., Aneep, G. V., Baesoitm, G. S. and Salama, S. Histamine 

and reactive hyperaemia ......... 297 

Stewaet, H. C., Feazek, A. C. and Sohulaian’, J. H. Emulsification 

and fat absorption .......... 306 

Talaat, M. M., Aneep, G. V., Ayadi, M. S., Baesoum, G. S. and Smith, 

J. R. Excretion of bistamine in urine ...... 155 

Uhgae, G. Inbibition of bistamine release » 333 

Vogt, Maethe. Hormpne output by suprarenal cortex .... 317 

Weetheimee, E. Glycogen in adipose tissue . . . . 359 

Whitteeidge, D. and Bhebeing, E. Pulmonary congestion and vagal 

receptors 477 

Weight, Samson and Cahma, I. Acetylcbobne on central nervous 

system . ■ . . . . . . . . . .. 93 

Young, J. Z. and Sandees, F. K. Fibre diameter in regenerating 

nerves ' 119 

Yudkin, John and Robeetson, G. W. Age and dark adaptation . . 1 


/ 



CONTENTS 


PROCEEDIXGS OF THE PHYSIOLOGICAL SOCIETY 


o Fcbntary 1944 

Adair, G, S., Elkcs, J. J., Frazer, C., Sclndman. J . H. and Stcicari, H. C. 

■Reversible adsorptiou of haemoglobin at an oU/mater interface . 
Adair, G. S., Elhes, J. J., Frazer, J,. C.. Schulman, J. H. and Stcirart, H. C. 

The effect of reversible adsorption on the haemoglobin molecule 
Belog, A. and Peters, R. A. The proteinase of skin 


IS March 1944 

Hartridge, H. Appreciation of the colour of small objects .... 

Hartridge, H. The form of'the retinal image 

Frazer, A. C. and Sammons, E. G. The relationship of lipolysis to emulsifica- 
tion of triglyceride in the small intestine 

Edkes, J. J.. Frazer, A. C., Schulman, J. H. and Stexcart, H. C. The 
mechanism of emulsification of triglyceride in the small intestine 
Barclay, J. A., Bray, H. G. and Cooke. IT. T. The renal tubular reabsorption 

of phosphate in man 

Greig, J. and Ritchie, A. A simple apparatus for remote nerve stimulation 
in the unanaesthetized animal ........ 


3 June 1944 

Hartridge, H. An explanation of the retinal direction effect 

Hartridge. H. The rival theories of trichromatic vision .... 

Schild, H. O. An approximately linear and isotonic frontal -mriting lever . 

Minter,L.B. Anaphylactic shock in the guinea-pig . . . . . 

Reid, C. Renal hypertrophy ~ , 

Chance, 31. R. A. Steroids as stmcturating agents on social behaviour in 
castrated ‘Benzedrinised’ mice ........ 

Blaschko, H. Enzymic oxidation of mescaline in the rabbit’s liver . 

Case, R. A. 31. (Introduced by 31. E. yutt.) A new method of staining non- 
haematm iron in erythrocytes 

Peterson. J. df. A single cell photo-electric absorptiometer in which the 
intensity of light sonrce and characteristics of the photo-cell mav 
change without causing error in estimation . . . . ' 

Reid. C. The rate of the formation of urea in normal and nephrectonnzed 
animals ....... 


29 July 1944 

Vngar, G. Action of drugs on bleedine time 

Ctxgar, G. The effect of trauma on bleeding time and capillary resistance . 
Crxiiekshank, E. W. H. and Whitfield, I. C. The rate of miing and dis- 
appearance of T. 1824 (Evans blue) injected into the circulation 


PAGE 

\P 

2F 

2P 


iP 

5P 

5P . 

6P 

IP 

SP 


9P 

10 P 

11 P 

12 P 
12 P 

12 P 

13 P 

14 P 


15 P 
17 P 


ISP 

ISP 


19 P 



X 


CONTENTS 


Barclay, J . A. and Nutt, Marjorie E. Urinary changes during water diuresis 

Barclay, J. A. and Nutt, Marjorie E. The effect of exercise on the com- 
position of the nrine .......... 

Jacoby, F. Staining of the granules of leucoc 3 des with 2, 6-dichlor-phenol- 
indophenol ............ 

Barclay, J. A., Cooke, W. T. and Stacey, M. Recognition of renal calculi by 
chemical methods and X-ray diffiraotion patterns . . ... 

J acoby, F. A new peroxidase reaction on leucocytes employing 2, 6-diclilor- 
phenol-indophenol .......... 

Webb, K. A. A modified Priestley -Smith perimeter ..... 


30 September 1944 

Wirtter, L. B. The inositol content of the mammalian heart 

Oreen, H. N. and Stoner, H. B. The effect of adenosine triphosphate on a 
water diuresis in man ......... 

Feldberg, W. and Mann, T. Acetylcholine formation in cell-free extracts 
from brain ............ 

Oreen, H. N. and Stoner, H. B. Toxic extract from blood'plasma of shocked 
animals ............ 


26 November 1944 

Odthlin, Oustaf F. (Introduced by H. E. Boaf.) Excitatory and inhibitorj' 
processes in the synthesis of the sensations of colour and of white 

Barcroft, J. and Popjdk, O. Lipids in maternal and foetal blood-plasma of 
sheep ............. 

McDowall, B. J. S. Tlie stimulating action of acetylcholine on the heart . 

Hartridge, H. The visibility of blue and yellow ..... 

Hartridge, H. The importance of taste and smell in nutrition . 

McArdle, B. (Introduced by E. A. Carmichael.) The effect of breathing 
pure oxygen on the nitrogen dissolved in tlie cerebro-spinal fluid 

TFetner, J. S. (Introduced by E. A. Carmichael.) Tlie diuretic response of 
men working in hot and humid conditions ..... 

Walsh, E. O. and Whitteridge, D. Vagal activity and the tachypnoea pro- 
duced by multiple pulmonary emboli ...... 


PAGE 

20 P 

21 P 

22 P 
24P 

26 P 

26 P 

27 P 

I 

28 P 
28 P 

30 P 

31 P 

32 P 

33 P 

33 P 

34 P 

35 P 

36 P 

37 P 



LIST OF AUTHORS 


XI 


LIST OF AUTHORS 

PAGE 

Adaik, G. S., Elkes, J. J., Ekazeb, A. C., Schemiax,’ J. H. and Stewakt, 

H. C. Adsorption and the haemogiobin molecule . . ■ 2 P 

Adaib, G. S., Elkes, j. j., Fkazeb, A. C., Schulmax, J. H. and Stewabt, 

H. C. Haemoglobin at oil/water interface 1 -P 

Babciay, j. a., Bhay, H. G. and Cooke, ^V. T. Renal tubular reabsorption 

of phosphate -P 

Babclat, j. a., Cooke, tV. T. and Stacey, H. Recognition of renal calculi 24 P 

Babcia-y, j. a. andHcTT, ALabjokte E. Exercise and composition of urine 21 P 

Baeclay, j. a. and Hutt, HLarjorie E. Urinarj^ changes during -water 

diuresis . • . - - • ■ • . • . . • 20 P 

Babcboft, j. and PopjAk, G. Lipids in maternal and foetal blood-plasma 32 P 

Beloit, A. and Petebs, R. A- Proteinase of skin 2 P 

Blaschko, H. Enzymic oxidation of mescaline . . ' . . . 13 P 

Bbay, H. G., Cooke, W. T. and Babclay, J. A. Renal tubular reabsorption 

of phosphate _ . - • “ P 

Case, R. A. M. (Introduced by il. E. Nutt-l ilethod of staining non- 

haefnatin iron 14P 

Chakce, M. R. a. Steroids and social behaviour in mice . . . . 13 P 

Cooke, W. T., Babclay, J, A. and Bray, H. G. Renal tubular reabsorption 

of phosphate 7 P 

Cooke, W. T., Stacey, H. and Barclay, J. A. Recognition oi renal calculi 24 P 
Cbttickshakk, E. iV. H. and Whyitield, I. C. i^Iixing and disappearance 

of T. 1824 (Evans blue) 19P 

Elkes, J. J., Frazeb, A. C., ScHrnnLAK, J. H. and Stewabt, H. C. 

Mechanism of emulsification of triglyceride 6 P 

Elkes, J. J., Fbazeb, A. C., Schulhan, J. H., Stewabt, H. C. and 

Adaib, G. S. Adsorption and the haemoglobin molecule . . . 2 P 

Elkes, J. J., Fbazeb, A. C., Schdlmak, J. H., Steivabt, H. C. and 

Adaib, G. S. Haemoglobin at oil/water interface . . . . 1 p 

Feldbeho, W. and ^Ianx, T. Acetylcholine formation in ceU-free extracts 28 P 
Fbazeb, A. C. and Sammoxs, H. G. Lipolyais and emulsification of tri- 
glyceride p 

Fbazeb, A. C., Schdlmax, J. H., Stevtabt, H. C., Adaib, G. S. and 

Elkes, J. J. Adsorption and the haemoglobin molecrde . . . 2 P 

Fbazeb, A. C., Scholmax, J. H., Stewabt, H. C., Adaib, G. S. and 

Elkes, J. J. Haemoglobin at oil/water interface . . . jp 

Fbazeb, A. C., Schuliiax, J. H., Ste-wabt, H. C. and Elkes, J. J, 

Mechanism of emulsification of triglyceride ..... g p 

Gothlix, Gdstae F. (Introduced by H. E. Roaf.) Synthesis of the sensa- 
tions of colour ........ 31 P 

Gbeex, H. X. and Stoxer, H. B. Adenosine triphosphate and water 

diuresis ' 28 P 

Green, H. X. and Stoxeb, H. B. Blood plasma of shocked animals 30 P 

Greio, j . and Ritchie A. Apparatus for remote nerve stimulation . 8 P 

Habtridge, H. Colour of small objects .... ^ p 

Habtbidoe, H. Form of retinal hnage .... - p 


LIST OF AUTHORS 


xii 

PAGE 

Hahtbidge, H. Retinal direction effect ....... 9 P 

Habthidoe, H. Taste and smell in nutrition . . . . . . 34 P 

Haethedge, H. Theories of trichromatio vision . . . . . . 10 P 

Habtridge, H. Visibility of blue and yellow . . . . . . 33 P 

Jacoby, F. Peroxidase reaction on leucocytes . . . . . . 26 P 

Jacoby, F. Staining the granules of leucocytes 22 P 

McAedle, B. (Introduced by E. A. Carmichael.) Nitrogen in the cerebro- 
spinal fluid 35 p 

MoDowall, R. J. S. , Action of acetylcholine on heart . . . . 33 P 

Maito, T. and Feldbebg, W. Acetylcholine formation in cell-free extracts 28 P 
Nutt, I^Iabjobie E. and Barclay, J. A. Exercise and composition of mine 21 P 
Nutt, Mabjoble E. and Barclay, J. A. Erinary changes during water 

diuresis ............ 20 P 

Pbxebs, R. a. and Beloft, A. Proteinase of skin . . . . . 2 P 

Petehson, j. M. Single cell photo-electric absorptiometer . . . 16 P 

PopjAe, G. and Baboroft, J. Lipids in maternal and foetal blood-plasma 32 P 

Retd, C. Renal hj^ertrophy ......... '12 P 

Rbud, C. Urea in normal and neplmectomized animals . . . . . 17 P 

Ritchie, A. and Gbbig, J. Apparatus for remote nerve stimulation . . ' 8 P 

Sammons, H. G. and Frazer, A. C. Lipolysis and emulsification of tri- • 

glyceride 6 P 

Sottit.d, H. 0. Frontal writing lever . . . . . . . . IIP 

Schttlman, j. H., Stesvabt, H. C., Adair, G. S., Elkes, J. J. and 

Fbazer, a. C. Adsorption and the haemoglobin molecule . . . 2 P 

ScHUiMAN, J. H., SiEWABT, H. C., Adaib, G. S., Elkes, J. J. and 

Peazeb, a. C. Haemoglobin at oU/water interface . . . . IP 

ScHHLMAN, J. H., Stbu'aet, H. C., Eires, j. j. and Frazer, A. C. 

Mechanism of emulsification of triglyceride ...... 6 P 

Stacey, M., Barclay, J. A. and Cooke, IV. T. Recognition of renal calculi 24 P 
STB^VAET, H. C., Adair, G. S., Elkes, J, J., Fbazeb, A. C. and Schulman, 

J. H. Adsoiption and the haemoglobin molecule . . . . 2 P 

Stewart, H. C., Adaib, G. S., Elkes, J. J., Frazer, A. C. and Schulman, 

J. H. Haemoglobin at oU/water interface ...... IP 

Stewart, H. C., Elkes, J. J., Fbazeb, A. C. and Schulman, J. H. 

Mechanisnuof emulsification of triglyceride . . . . . • 6 P 

Stoner, H. B. and Green, H. N. Adenosine triphosphate and water 

dimesis 28 P 

Stonbb, H. B. and Green, H. N. Blood plasma of shocked animals . 30 P 

Ungab, G. Action of drugs on bleeding time . . . • • ■ 18 P 

Ungab, G. Trauma on bleeding time and capillary resistance . • • 18 P 

Walsh, E. G. and Whitterldge, D. Vagal acthuty and pulmonary emboli 37 P 
Whititeld, I. C. and Cbuickshank, E. W. H, Mixing and disappearance 

ofT. 1824 (Evans blue) l-l P 

W:HiTTEErDGE, D. and Walsh, E. G. Vagal activity and pulmonary emboU 37 P 
Winter, L. B. Anaphjdactic shock in the guinea-pig . . • • 12 P 

WiNTEB, L. B. Inositol content of mammalian heart . • • • 27 P 

Webb, K. A. Modified Priestley-Smith perimeter . . ■ • • 26 P 

Weinbb, j. S. (Introduced by E. A. Carmichael.) Diiuetic response in hot 
and humid conditions . 



1 


J. Physiol, (1944) 103, i-S 6 i2. 843.611 

EFFECT OF AGE UPON DARK ADAPTATION 

Bt 6. W. ROBERTSON aot JOHN BUDKIN* From the Dunn Nutritional 
Laboratory, University of Cambridge and Medical Research Council 

(Received 17 July 1943) 

It is a matter of common, observation that older people are less -well able to 
‘see in the dark’ than yonnget people, Nevertbeless, some workers wbo have 
drawn up standards of normality of dark adaptation, in order, for example, to . 
detect deficiency of vitamin A, have failed to allow for this [e.g. Jeans, 
Blanchard & Satterthwaite, 1941], Moreover, other workers have definitely 
stated that dark adaptation is nnaffected by age [Korb, 1939], Stewart [1941], 
however, found an appreciable deterioration with age. These discrepancies in 
the literature may in part be due to differences in the technique of measuring 
dark adaptation, Jeans and his colleagues and also Korb measured the early 
part of the process, that is, the adaptation mainly of the cones, whilst the 
technique adopted by Stewart measured almost entirely the adaptation of the 
rods. It might then appear that cone adaptation deteriorates with age but that 
rod adaptation is unaffected. Tet Hecht & Mandelbaum [1939] have found 
very little change in rod threshold with increasing age but an appreciable rise 
in cone threshold [Mandelbaum, 1941]. 

It is clear then that the question of variation of dark adaptation with age 
is by no means settled. Moreover, if dark adaptation does in fact deteriorate 
with age, two further questions arise: first, is the extent of the deterioration 
sufficient to make it necessary to allow for this in setting up standards of 
normality, and second, what is the cause of the deterioration? 

During the past two years, we have measured the dark adaptation (final rod 
threshold) in over two thousand individuals between the ages of 10 and 70 and 
we believe that our results go some way towards answering these questions. 
We have found a progressive lowering of the power of dark adaptation with 
advancing years, we have determined its extent and we have been able to find 
a likely explanation of the phenomenon. 

Expebuiextai 

Material 

Since the various groups we have studied show slight but definite difference in 
the average value of dark adaptation [Robertson <k Yudkin, 1944] we shall in 
^ this paper, confine our attention to the results obtained with a single group of 
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TiBix 1. Variation of dark adaptation (final rod threshold) rrith age 


Age 

group 

14-19 

20-24 

26-29 

30-34 

36-39 

40-44 

46-49 

60-64 

65-59 

60-04 

65-69 

70-74 


Men 


Women 


No. ex- 
amined 

91 

76 

62 

61 

67 

42 

47 

39 

30 

14 

6 

1 


Threshold, log pph 
* 


Threshold, log fif»h 


Mean 

315 

3-23 

3-22 

3-27 

3-36 

3-44 

346 

3-60 

3-67 

3-75 

3-66 


Highest 

2-70 
2-70 
2-70 
. 2-80 
2-80 

2- 90 

3- 05 

2- 90 
305 

3- 40 
3-65 


Lowest 

3-55 

3-70 

3-70 

3-80 

416 

3-95 

3- 90 

4- 35 
416 
416 
3-80 


No. ex- 
amined 

101 

71 

32 

16 

11 

5 

4 

3 


r 

Mean 

Highest 

Lowest 

3-15 

2-70 

3-55 

3-21 

2-70 

3-80 

3-22 

2-85 

3-70 

3-29 

2-90 

3-65 

3-35 

3-03 

3-70 

3-28 

3-16 

340 

3-56 

3-35 

3-75 

343 

3-05 

3-80 

— 

— 

— 


3-55 


Men and Women 


Age 

group 


• 

Threshold, log fifiL 
/> 


examined 

r 

Mean 

Highest 

s 

Lowest 

14-19 

192 

316 

2-70 

3-55 

20-24 

147 

3-21 

2-70 

3-80 

25-29 

84 

3-22 

2-70 

3-70 

30-34 

76 

3-29 

2-80 

3-80 

35-39 

68 

3-36 

2-80 

4-16 

40-44 

47 

- 3-42 

2-90 

3-95 

45-49 

51 

347 

305 

3-90 

60-64 

42 

3-60 

2-90 

4-35 

65—59 

30 

3-67 

3-05 

415 

60-64 

14 

3-76 

3-40 

416 

65-«C 

6 

3-66 

3-55 

3-80 

70-74 

1 

3-66 

— 

— 


subjects below tbe age of 49 or tbe ten worst subjects of all ages tbe range is 
1-2 log units. 

There is an indication in tbe figures cited in Table 1 that tbe range of varia- 
tion in final rod tbresbold increases with age. For example, between tbe ages 
of 20 and 30 it is I-IO log units and between 50 and 60 it is 1-45 log units [see 
also Stewart, 1941]. This increase is not very large but it is possible that, bad 
tbe number of subjects in tbe higher age groups been as great as in tbe lower 
age groups, still higher or lower extreme values might have been found in tbe 
former. Tbe average valnes for each range of age are seen in Fig. 1. Tbe average 
increase in tbresbold is about 0'12 log units for an increase of 10 years in age; 
between tbe ages of 20 and 30, tbe increase is 0-10 units and between tbe ages 
of 60 and 60, 0-16 log units. Tbe greater deviation of tbe points from tbe line at 
tbe higher age can be attributed to tbe small number of subjects who were 
examined at this age. Tbe correlation coefficient, r, between age and final rod 
tbresbold is 0-56, which is highly significant. This degree of correlation might 

1—2 
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subjects. This group, the largest of those examined by us, is one of 768 Birming- 
ham factory workers (616 men and 242 women). The youngest were 14 years 
old, the oldest was a man of 71. 

Technique 

Dark adaptation was measured by the Crookes’ adaptoineter, modified as 
described in previous communications [Yudkin, 1941 ; and Yudkin, Robertson 
& Yu dkin , 1943], Although complete curves of dark adaptation have been 
taken for several hundred of the subjects whom we have examined, our routine 
procedure in survey work, including the study of the Birmingham factory 
workers, is to measure only the final rod threshold in the following manner. 
Groups of three or four subjects enter a dark room directly from their work, 
without any previous light adaptation. After they have been in the dark for 
36 or 40 min., the dark adaptation of each subject is measured by noting the 
minimal intensity of light which he can just see. This is done by increasing the 
light until the test object is quite readily discernible and then decreasing the 
light until it just disappears; the iUumination at which this occurs is the value 
recorded. The light is increased and decreased in this way several times until 
consistent readings are obtained. Usually four or five readings are sufficient 
and this occupies about 2 min. The three or four subjects in each group are 
tested in turn and then tested a second time in the same order. It is the second 
value which is taken as the measure of the subject’s capacity for dark adapta- 
tion. It is foimd that the second value is almost always lower than the first 
and this improved performance is undoubtedly due to a learning factor; testing 
a third or fourth time rarely results in any further appreciable improvement. 
The improvement between the first and second tests is no^ due to a continua- 
tion of the process of dark adaptation, for it is known that dark adaptation, 
beginning with the moderate light adaptation with which our subjects usually 
start the test, is almost complete within 30 min . Moreover, the same improve- 
ment at the second test occurs even if the first test is performed after, say, 1 hr. 
in the dark and followed by a second test after a further 5 min. 

Results 

The results are summarized in Table 1. There was no significant difference be- 
tween the men and the women; we may therefore consider the results for both 
sexes together (Fig. 1). 

Range affinal rod threshold 

The total range of the final rod threshold is 1"66 log pp lamberts (from 2-70 
to 4’36 log ppl.). Most workers have recorded a total range of just over one 
log unit, i.e. a range of some ten times. However they usually have not studied 
subjects of the higher age groups here reported. Moreover, the number of our 
subjects with the lowest thresholds is small; if one excludes the two worst 
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object. Decreased visual acuity is tberefore unlikely to be the cause of the 
detexioratioTi of perfonnauce ■with age ■which occurs ■with o^ux apparatus. 

Other ■workers have susuested other reasons for the poorer dark adaptation of 
older people and these have been summarized by Perree, Band & Le^wis [1935]. 
Although they were studying a somewhat different problem, namely the effect 
of low illumination on visual acnity, the factors which they discuss include 
those which might apply to the deterioration of dark adaptation. They state; 
‘Among the reasons whv an old eye needs more light, and for that reason 
derives more benefft from an increase in the amount of light, the follo^wing five 
mav be mentioned: its smaller pupiL the inferior imaging power of its refracting 
media, the diminished transparency of the media, the decay in all its processes 
of adaptation and adjustment and the failing powers of the retina itself.’ 


Age, pupil size and darl; adaptalion 

Of the five factors mentioned by Ferree and his collaborators the first can 
perhaps most- readily be measured and its possible effect- on dark adaptation 
quantitatively studied. Let us for a moment assume that the other factors 
such as sensitivity of the retina and transparency of the ocular media do not 
change rvith advancing years. Then, as the pupil diminishes in size with age, 
and thus the amount of light entering the eye decreases, it wo^nld he necessarv 
to increase the amount of external illumination proportionately in order t-o 
produce the same effect on the retina. If the pnpil at 40 years has, let ns sav, 
an area half that of the pnpil at 20 years, the amount of external light necessarv 
to produce minimal stimulation after complete dark-adaptation ■will he twice 
as much at 40 year? as at 20 years. If then we know the average size of the dark- 
adapted pupil at different ages we can calculate the relative amount of ex- 
ternal light which -will be just- perceptible by a dark-adapted eye of different 
ages; pven this threshold for any one age, we can thus calculate the threshold 
for different ages. (The possible bearing of the Stiles-Crawford phenomenon on 
these considerations ■wiU be disc^ossed below.) 

Although we have not been able to measure the actual size of the pupils of 
onr subjects, data on the average size of the dark-adapted pupils at varions 
ages have been published [Bitsche k Gtother, 1930], These values are shown 


Tatit.t 


Taiiatioii of amonnt of light reacimig retina due to change in jmpil size with i 

Proportioa of 
incident light 
TSiwhing retina* 

17S 
136 
100 
69-5 
46-S 
2S-1 


Age 

Radiua of pupil Tum 
[&om Sitsche i 
Gunther, 19303 

Area of 
pupa 
mm.* 

20 

4-0 

50-2 

30 

3-5 

33-3 

40 

3-0 

2S-2 

50 

2-5 

lS-6 

60 

2-05 

13-2 

70 

1-6 

S-Oo 

la of inddent li^t reaching retina at age of -1 
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be compared, for example, with the correlation coefficient of 0-46 for the 
physical resemblance between children and their parents. 



Kg. 1. Variation of dark adaptation with age. 

Discussion 

Cause of deterioration of dark adaptation with age 
Booher & Williams [1938] suggested that the poorer performance of older sub- 
jects with the bio-photometer might be due to their diminished visual acuity. 
With their apparatus visual acuity affects performance, since the test involves 
perception of small spots of light. With the apparatus which we have used 
visual acuity plays a very small part; the test object in our apparatus is large, 
subtending an angle of 6° at the eye, and moreover the subject is encouraged 
to look for the presence or absence of light rather than the outline of the test 
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40 years is 2400 fifxl. or 3-38 log niA. From tHs value and the relative values 
given in Table 2 n-e may now calculate the expected thresholds at other ages 
(Table 3). When these values are compared with the actual values obtained by 
US, the agreement is found to be very close (Fig. 2). 

It seems legitimate therefore to conclude that the deterioration of dark 
adaptation with age can be explained entirely by the decrease in the size of the 
pupil with age. It is not necessary to assume either a decreased sensitivity of 
the retina or a diminished transparency of the ocular media or any other 
supposed or possible change in order to explain the phenomenon. It should 
however be emphasized that our discussion has been concerned with the 
average dark adaptation in groups of individuals. The effect of pupil size on 
determining the dark adaptation in a single individual can only be assessed by 
direct measurement of the pupU. Such measurements would also make it 
possible to discover the extent to which the range of variation in dark adapta- 
tion in a given age group is due to variations in pnpU size. 

The StUes-Cmioford effect 

Stiles & Crawford [1933] showed that the luminous efficiency of the periphery 
of the pupil is less than that of the central portion so that the visual effect of 
light with increased size of pupil does not increase as rapidly as the area of the 
pupil. If this were true in all conditions, we should expect that the smaller 
pupil of older subjects would be proportionately more efficient than the larger 
pupil of younger subjects; the threshold would then not increase as rapidly 
with age as we have calculated from the decrease in area. A more detailed 
consideration of the reported work on the Stiles-Crawford effect, however, 
shows that it is legitimate to assume a strict proportionality between pupil 
area and apparent brightness in the conditions which obtained in our experi- 
ments. The original observations of Stiles and Crawford and the confirmatory 
work of Dziohek [1934] and Wright & Nelson [1936] were aU carried out with a 
fairly high field brightness; later work suggests that, for conditions approach- 
ing complete dark adaptation, the effect disappears. Crawford [1937] showed 
that the light passing through the periphery has less apparent brightness only 
if the field brightness is high or if it is the fovea which is being stimulated. In 
conditions of low brightness and parafoveal stimulation the luminous efficiency 
of the light is independent of the part of the pupil at which it enters. Sloan 
[1940] has followed this by an assessment of the effect of pnpU size on the 
threshold of the dark-adapted eye. She finds that the product, threshold x size 
of pupil, is sensibly constant so that the visible effect of threshold brightness 
is directly proportional to the area of the pupil. Our calculations of the effect 
of the diminishing size of pupil with age on the threshold of the dark-adapted 
eye are therefore justified. 
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in Table 2, wbetein are also shown the relative amounts of incident light that 
would reach the retina at different ages from a constant source. If at 40 years 

Tabm: 3 


‘Expected’ threshold ‘Observed’ threshold 


Age 

/x/d. 

log/i^ 

log /x/J. (from Fig. 1) 

20 

1360 

313 

3- 16 

30 

1840 

3-26 

3-26 

40 

2400 

3-38 

3-38 

60 

3460 

3-64 

3-60 

60 

6130 

3-71 

3-65 

70 

8760 

3-94 

3-81 



Age in years 

Rg, 2. ‘Expected* variation of dark adaptation with age 
due to diminution of pupil size with age. 


this amount is given the arbitrary value of 100, at 20 years it would be 178 and 
at 60 years 46-8 (Table 2, column 4). From Fig. 1 the value of the threshold at 
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THE ACTION OF VITAMIN D UPON THE INCISOR 
TEETH OF RATS CONSUMING DIETS WITH 
A HIGH OR LOW CA:P RATIO 

By J. T. IRVING, From the Department of Physiology, 

Medical School, University of Cape Town 

{Received 29 July 1943) 

Vitamin D is one of the factors essential for the proper formation of teeth, and 
in its absence the same changes are seen that occur in lack of Ca and P. The 
constantly developing incisor tooth of the rat is a very convenient object for 
stndymg the effects of vitamin D upon both the teeth and the body generally, 
as any change in Ca or P metabolism is immediately reflected in the appearance 
of the dentin, Brdheim [1911] having aptly compared the rat’s incisor with the 
drum of a kymograph. 

The effects of massive doses of the vitamin upon the normal rat’s incisor 
have been described by Schour & Ham [1934] and after parathyroidectomy by 
Schour, Tweedy, Chandler & Engel [1937]. In both instances, the dentin 
showed a hypocalcifled stripe followed by a reactive hypercalcified zone. 
Downs [1932] described the effects of vitamin D upon the teeth of rats on diets 
with various Ca :P ratios. The vitamin was incorporated into the diets and thus 
the effect was prophylactic. He came to the rather unexpected conclusion 
that the vitamin acted deleteriously with diets with a lowered P content, 
causing the histological changes to be more marked, but with diets with a 
lowered Ca content the vitamin acted beneficially. 

The reaction of the tooth to curative doses of vitamin D after the establish- 
ment of well-marked dietary rickets does not, however, appear to have been 
followed. In the present paper the effects of the vitamin upon the teeth of 
rats with rickets caused by diets with abnormally high or low Ca;P ratios are’ 
described. Preliminary reports of some of the findings have already been 
published [Irving, 1941, 1943]. 

Methods 

Animals 

Albino rats of the Wistar Institute strain were kept in a special animal house 
at a temperature of 68-70°. Males and females were used indiscriminately, the 
results found being the same in both- sexes. After weaning at 25 days,’ the 
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Standards of normality 

Since the normal range of dark adaptation is fairly wide, the comparison of 
individual values with any fixed ‘standards of normality’ is not very satis- 
factory. Such standards might be of some use, however, in assessing the general 
status of dark adaptation in a large group, the distribution of the values being 
compared with the distribution obtained from a supposedly normal group. 
But even so our results indicate that, in such comparisons, it is necessary to 
take into account the effect of age. We have adopted this method in comparing 
various groups of subjects and these results will be reported in a later com- 
munication. 

Summary 

1. By measuring the final rod threshold of 768 factory workers between the 
ages of 14 and 71, it has been shown that there is a progressive deterioration of 
average dark adaptation with increasing age. 

2. For an increase of 10 years in age, this deterioration ranges from about 
O'lO log unit between the ages of 20 and 30 years to about 0-16 log unit be- 
tween the ages of 60 and 60. 

3. It is possible to explain this phenomenon quantitatively by the pro- 
gressive decrease in the size of the pupil with advancing years. 

4. The bearing of these findings on the question of setting up standards of 
normality of dark adaptation is discussed. 
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Govraid [19383 and ofheis. To ensute^ comparable results, the animals on tbe 
other diets 'vrere also given them lor 28 days. 

In addition, a number of animals vrbicb bad been used for vitamin D assay 
vrere also examined. These vrere put, vrhen l-i days of age, on a diet poorer 
in vitamin D than the standard stock diet; vrhen they had attained 59-60 g. 
in vrtight, they vrere transferred to the high-ratio rachitogenic diet for 21 days, 
vrere then dosed and kept on the rachitogenic diet for a farther 10 days, being 
then killed and examined. These animals gave results vhich vrere identical 
vrith those found in the other animals on the high-ratio diet. In all cases the 
animals vrere vreighed, after being pnt on the experimental diets, twice weekly. 

Examination of the rats 

Ei^dogical. The upper incisor teeth were cnt in longitudinal section by the 
methods previously described [Gaunt &, Irving, 1940], save that propyl alcohol 
was used for the final dehydration and clearing of the tissues. The sections 
were cut at 12p, and stained with haematoxylin and eosin. Schour & Ham 
[1934:3 have shown that haematoxylin-stained tissues in teeth are well calcified 
and eosin-staiaed structures poorly calcified. The labial side of the teeth was 
examined and the width of the reactive zones measured with a micrometer 
eyepiece. The changes on the lingual side were also noted. 

Chemical. The ash content of the right femur, tibia and fibula was deter- 
mined in a number of litters, by heating the dry, fat-free hones in an electric 
muffle at ahodt 700' till they had attained constant weight. 

Line test. The degree of rickets and of healing was determined in all rats by 
the line test' applied to the lower end of the radius and ulnn [Dyer, 1931 ; 
Coward, 1938]. This method groups the epiphpeal appearance into seven 
grades, 0 heii^ florid rickets and 6 complete healing. 

Sodium fluoride injedions. In order to act as a marker on the tooth, in a 
number of cases IsaF was injected subcutaneously at the same time that the 
animal received vitamin D. 

ilost work using JiaF as a marker has been done with two injections, 
separated by an interval of time, and measnimg the increment of dentin 
between the two dental responses. 'When only one injection was given, as in 
the present experiments, it was necessary, in order to interpret the resnit of 
the injection, to make a few preliminary experiments using normal rats. The 
result of Is ah' injection is to cause a hypocalcified zone foUowed by a hyper- 
calcified stripe. According to Schonr & Smith [1934], the hypocalcified layer 
represents the immediate response to the injection, but the present writer has 
found that the outer edge of the hypercalcified stripe corresponds in time more 
accurately with the injection, the hypocalcified stripe being predentin formed 
before the injection was given. This conclusion is partlv based on measure- 
ments taken from the teeth of rats wHch were killed at 6-honxly intervals 
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young rats were housed by litters in steel cages and fed on the standard stock 
diet used in this department. When the animals weighed between 50 and 60 g., 
which was about 7 days after weaning, they were transferred to one of the 
experimental diets for 28 days. 

Diets of the experimental animals 

Three experimental diets, of norma], high and low Ca;P ratio, were used. 
They were based upon the rachitogenic diet no. 2966 of Steenbock & Black 
[1926], the Ca and P contents being altered by the addition of various amounts 
of CaCOg (B.P.) and Na 2 HP 04 . 2 aq. (Merck puriss.). The basal diet, consisting 
of yellow make meal 76 parts, wheat gluten 20 parts, and NaCl 1 part, con- 
tained 0-036 % Ca and 0-0206 % P. The following was the composition of the 
three diets used, the figures being checked by analysis : 


Diet no. 

Ca°/o 

P% 

Ca:P ratio 

1 

1-60 

0-87 

1-8 

2 

1-21 

0-28 

4-4 

S 

0-122 

0-42 

0-29 


They were given slightly moistened with water. After 28 days on one or other 
of these diets the negative control rats were removed and placed in separate 
cages. When vitamin D was administered it was given in one dose by mouth, 
using a micrometer syringe, the vitamin being dissolved in nut oil. 

Treatment of animals 

Three different experimental procedures were applied to rats of each of the 
groups receiving the different diets. These procedures were: 

(а) Two rats of a litter acted as controls and received no dosage. Three rats 
were injected with 2 % NaF solution to act as a marker. Three rats were 
injected with 2 % NaF solution and given 9-2 i.u. vitamin D. All rats were 
then continued on the experimental diet for a farther 10 days before being 
examined. Morgareide & Finn [1940] have stated that F affects the response 
of rickets to vitamin D. This was not found in the present work. 

(б) One rat of a fitter acted as a control and the rest were given graded doses 
of vitamin D ranging from 1-16 to 30 i.u. They were continued on the expen- 
mental diet for another 10 days and then killed and examined. 

(c) AJl rats were given 18-4 i.u. vitamin D and were then continued on the 
experimental diet, being killed successively at regular intervals thereafter. 

Owing to the fairly high vitamin D content of the stock diet, it was neces- 
sary to keep the animals for 28 days on the high-ratio rachitogenic diet, not 
21 days as is usual, since if the shorter period was adopted, a proper fine- 
response to the vitamin was not obtained. This occurrence, using stock diets 
with a too high -vitamin D content, has been noted by McCollum, Simmonds, 
Shipley & Park [1922], BourdiUon, Bruce, Fischmann & Webster [1931], 
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■prHcli coTild be counted, but as is usual on this side of the tooth, the predentin 
^vas too indefinite to be measured and no clear jrar line was found. 

The distance of the hlaT line from the odontoblasts was abo used in measuring 
the rate of labial incremental dentin growth during the last 10 days of the 
experiment. 

Results 

Dietl. Is ormal Ca:P ratio, I'S. A small experiment was conducted on two 
litters of rats to see how effective the Steenbock & Black diet was for tooth 
calcification when the Ca and P levels were within normal liimts, both with 
and without vitamin D. 

In all rats, the growth rate was very slow while on this experimental diet, 
being about half that of stock rats of corresponding size; vitamin D dosage 
made no difference to the rate of growth. The line test in all rats varied between 
5-5 and 6 and the average bone ash was 57-90 %. The average value obtained 
from stock nninialR of comparable weight was 51- 6S % and from stock animals 
of the same age was 59-93 %. In other respects the animals appeared entirely 
normaL 

One litter of rats was treated with procedure (a). The animals on the diet 
alone had teeth which were quite normal in appearance save that the pre- 
dentin was rather wider than usual, on an average 24p. The apposition rate, 
as calculated from the hTap line, was slower than normal, being only 12-3^ 
during the last 10 days, as against the 162/i found in stock rats. The teeth of 
those rats treated with vitamin D differed in some respects from these. The 
more recently formed dentin showed an abrupt increase in haematoxylin 
staining, mdicating an improved calcification due to the vitamin. In other 
respects they were entirely normal, with an average predentin width of IS/r, 
and an apposition rate of 151p during the 10 days after injection. Prom a 
comparison of the edge of the reactive zone with the NaP line, the vitamin 
was found to have acted for 9-5 days. 

The other litter of six rats was treated with procedure (6), graded doses of 
vitamin D, ranging from 1-15 to 18-4: Ln., being given. In the negative control, 
the predentia was, as with those previously mentioned, wider than usual, 
being 21p. In all the rest the predentin width was normaL In animals getting 
1-15 and 2-3 Lu. the dentin was nniformly stained, but in those getting 4-6 
and higher dosages a reactive zone of better calcified new dentin was found, 
similar to that just described (Pig. 6). On measurement, it was found that the 
vitai^ had acted for about 8-9 days in each rat which showed this reactive 
dentin, a figure confirmed by the number of stripes in the new dentin pins the 
predentin, which was 9 in each case. In all teeth, the vitamin was acting as 
strongly when the animal was kiUed as when its action began. The changes on 

the lingual side of the tooth were qualitatively the same as those on th7lahial 
side. 
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after the administration of NaF, and also on figures obtained from five stock 
rats which were injected and killed exactly 10 days later. In the latter expen- 
ment the average width of predentin and dentin to the outer edge of the hypo- 
calcified stripe was 174p, while the same width, but to the outer edge of the 
hypercalcified stripe, was 162p.. This latter figure gives a daily increment of 
16’2p,, which agrees well with that of 16'99p. obtained with alizarin red by 
Schour & Hoffman [1937]. As a result of these findings, aU measurements ivere 
taken from the outer side of the hypercalcified fine. The results obtained from 
NaF injections wfil be published in more detail elsewhere. 

The animals on diet 1 were given 0-2 c.c. 2 % NaF without ill effect and with 
a well-marked reaction in the tooth. Those on diet 2 were at fihst given the 
same dosage, but this was found to have no effect upon the tooth and the 
effective dose was found to be OA c.c. ; this dose is usually fatal for a rat of 
corresponding weight eating a diet of normal Ca;P ratio. When the animals 
on diet 3 were given 0-2 c.c. of the 2 % solution, aU of them went into profound 
tetany, most dying within 3 hr. The dose level for these animals had to be 
reduced to 0-1 c.c., and even then was sometimes fatal. This variable suscepti- 
bility to the action of NaF is presumably bound ‘up with the level of the 
blood Ca. 

The NaF line was used to check the measurements of the reactive dentin 
due to vita min D as follows : in the case of high-ratio diets, the response in the 
labial dentin consisted of a deeply calcified zone of new dentin, often laid down 
in stripes and always edged by predentin of normal width anU appearance. 
Calculations from the NaF line showed that the length of time of action of 
vitamin D could be computed by counting the number of stripes in the new 
dentm, including the predentin as one stripe, each stripe corresponding to a 
day’s increment; or by divi ding the total width of new dentin plus predentm 
by the predentin width (Fig. 4). Typical figures illustrating these points are 
given in Table 1. In the case of low-ratio diets, the labial response was 


Table 1. Comparison of the different methods of compnting the length of time of vitamm D 
action. All AmmalH were on diet 2 and were given 9 2 i.u. vitamin D 

Reactive dentm and predentm 



Predentm 



Width of 

Time of action 

Predentm 

+ dentm 



dentm -(-pro- 

of D calculated 

■mdth (/i) 

width (/t) 


No. of 

dentm up to 

from NaF Ime 

(1) 

(2) 

(2)^(1) 

stripes 

NaP line 

days 

14 

80 

67 

6 

130 

62 

16 

138 

8 0 

8 

164 

84 

12 

40 

33 

3 

106 

38 

10 

80 

6-0 

6 

170 

51 


entirely different, as will be explained later, and the above method could not 
be applied, but the NaF line acted as a guide in interpreting the histolo^cal 
picture. On the lingual side the new dentin was often laid down in stripes 
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the Titamin, varied, xvheii a large number of animals vrere used and the results 
averaged, rvitb the strength of the dosage. The response of the dentm m a 
comparable group of rate is plotted against the logarithm of the dose in Tig. ^ , 
and the results from the line test are also included. It vrill be seen that, as is 
usual, the response to the dose is logarithmic in type in each case. 



Fig. 1. CnrvB relating the responae in the tooth and the healing of 
the epiphyses to the logarithm of the dose of ritainm D. 


Comparison of the rime of onset of the dentin response vith the line test 
showed that the latter was a much less sensitive index of vitamin action 
A diagram in which the two are compared is given in Tig. 2. This indicates that 
the vitamin must act in the body at least 4 days before any demonstrable 
change occurs in the epiphysis. 

In order to study in more detail the early action of the vitamin, two litters 
of rats were dosed with 18-4 i.u. after the usual period on diet 2, and were 
thereafter killed at 24 hr. intervals (procedure (c)). 

As is frequently found, the two litters differed in their response to the 
vitamin, though the responses of the individual rats of each litter were con- 
sistent among themselves. Thus one Utter showed an epiphyseal response as 
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Diet 2. Hjgli Ca:P ratio, 4-4. Twenty-one litters of rats, including some 
wMcli had been used for vitamin D assay, were examined. The growth rate in 
aU rats was extremely poor, as is usual with the Steenbock & Black diet, but 
in very few cases was weight lost, and only one rat of aU those examined 
showed any spontaneous healing of rickets. The bone ash values in these rats 
were low, varying between 22-16 and 36-60 %. The administration of vitamin 
D had no effect upon these values. The line values in the dosed rats were very 
variable, as is usually found, and varied between 0 and 6. 

Qualitatively, the same effect of vitamin dosage was found in the teeth of 
aU the animals getting vitamin D. The negative control animals showed ad 
the signs of vitamin D deficiency, with wide predentin and vascular inclusions 
(Fig. 6). The animals dosed with vita min D had a stripe of reactive new dentin, 
staining deeply with haematoxylin and affecting only the matrix laid down 
after the vita min had been given. This new dentin was bordered with pre- 
dentin of normal width. The predentin laid down before this was either com- 
pletely unchanged or else showed a few scattered calcified granules. This new 
calcification of dentin took from 24 to 48 hr. to reach its height but was con- 
tinuing equally intensely when the animals were killed, no matter what was 
the dose of D. The new dentin was often laid down in distinct stripes which 
could be cormted and so used, as explained above, in computing the time of 
action of the vitamin (Fig. 7). The intensity of the calcification was equally 
marked whether it started early or late. These changes were best seen in the 
intermediate third of the tooth, using procedures (o) or (6), since this part con- 
sisted largely of old dentin and predentin formed before the vitamin had been 
given. The proximal third was almost entirely new dentin formed during the 
last 10 days of the experiment Eifter the vitamin had been given. The changes 
on the lingual side of the tooth were the same as those on the labial side. 

Four litters were treated with procedure (a). The animals receiving no 
vitamin D had an incremental dentin growth of 116/i during the last 10 days 
of the experiment, and, calculating from the very wide predentin width, 
calcification had been delayed on an average 8-3 days, instead of the usual 
24 hr. In one rat, no calcification had occurred at all in the predentin laid down 
at the time of injection, and no NaF line was seen. Ad mini stration of vitamin 
D increased the incremental rate to 134/i, a value still below normal. The 
vitamin, at this dose level, had acted, on an average, for 5-9 days, the values 
found ranging from 3 to 8 days. The fact that the vitamin had acted for only 
about half of the time after it was given may account for the low value of the 
dentin increment. No obvious correlation was seen between the time of action 
of the vitamin and the line test result. 

The rats from fifteen litters were given graded doses of vitamin D as in 
procedure (6). In all cases, a response in the dentin, consisting of a deeply 
hypercalcified stripe, was found. The width of the stripe, or time of action of 
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Dief 3. Low Ca:P ratio, 0-29. Eleven litters of rats getting this diet were 
examined. The growth rato was faster than tlmt of the rats on diet 2, but not 
so fast as that of those on diet 1. The rats w?re uniformly bad-tempered antf . ^ 
excitable and several attempted to bite the writer while being dosed. Seekles 
& SjoUema [1933] have shown that low Ca:P ratio diets increase the excit- 
ability of the muscles. Kone of these rats had rickets and the line test gave no 
value lower than 5. The bone ash figures were, however, lower than normal, 
indicatinga fair degree of osteoporosis, and varied between 38-73 and 49-21 %. 

The administration of vitamin D had no effect upon these values. 

The negative control animals all showed in their teeth the same signs of 
malcalcification as were found with diet 2. The dentin response to vitamin D 
was qualitatively the same in all teeth. As with diet 2, the lingual side reacted 
by the laying down of a zone of deeply staining dentin, which became wider 
the longer the vitamin had acted and was often made up of incremental 
stripes. On the labial side, however, an entirely different picture was found. 
Here the dentin responded by the formation of large clumps of iuterglobular 
dentin over the whole predentin area. With higher dosages these tended to 
fuse and form a more homogeneous mass, especially on the odontoblast side 
but even when this happened the predentin was alwavs ahnormallv wide 
(Pig. 11). 

Three litters of rats were treated with procedure (a). The re^onse to J\aF 
in the rats getting no -ritamin D appeared as a fine blue line in the extremely 
wide labial predentin and measurements showed that calcification, was 
delayed from the normal 24 hr. to from 15 to 20 days (Pig. 12 ), Calcification 
was not delayed to the same extent on the lingual side, hut in one tooth a 
similar line was seen in the predentin on this side also. The incremental dentin 
VH. cin. ' / 
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indicated by the line test on the 6th and subsequent days, while the other did 
not show this tiU the 7th day. 

, The earliest response of the teeth to the vitamin was seen at the extreme 
proximal end of the tooth. This occurred as a small mass of calcospherites 
which appeared after the Ist day in one litter and after the 2nd' day in the 
other one. These calcospherites fused within 48 hr. to form normal dentin 
(Fig. 8), and, while this was happening, a fine peppering of calcospherites 
appeared in the wide predentin of the intermediate part of the tooth. These 
calcospherites were laid down at normal predentin width from the odonto- 
blasts and faded off in the old predentin towards the already calcified dentin 
(Fig. 9). 24 hr. after the appearance of these calcospherites, they ifused to 



No. of days of vitamin D action on the tooth 

Kg. 2. Diagram relating the response in the tooth to the healing of the 
epiphyses after dosage -with vitamin D (1-15-30 i-u.). 


form deeply staining dentin, with normal predentin between it and the odonto- 
blasts (Fig. 10). As this reactive dentin widened in animals killed later, it was 
possible to measure it and estimate the time of action of the vitamin in this 
part of the tooth. The lingual side of the tooth responded at the same time 
and in a similar manner by the formation of a narrow, deeply staining, stripe. 

These results are summarized in Table 2. It will be apparent from the above 
description that the extreme proximal end of the tooth reacted at least 24 hr. 
before the more distal parts; this is also seen in the table; also that in the case 
of litter 220 the vitamin must have begun to act on the tooth almost im- 
mediately after it was given, as the predentin takes about 24 hr. to calcify. 
In confirmation of earlier observations, it will be seen that here also a positive 
fine test did not occur till the vitamin had acted at least 4 days on all parts 
of the tooth. 



17 


VITAMIN D AND. THE TEETH 




Tabu 2. Changes in the teeth of rats on diet 2 killed daily 
after dosage rrith IS--! i.u, vitamin D 



Time killed 




after vitamin 


Reaction 

Litter 

D dosage 

Line 

in proximal 

no. 

days 

test 

dentin 

220 

1 

0 



2 

0 

r 


3 

0 

J. 


4 

0 

-r 


o 

o 

u. 


6 

2 

+ 


7 

1-6 

j- 


8 

1-5 

+ 

221 

1 

0 

0* 


o 

0 

a-* 

* 

3 

0 

-r* 


4 

0 

+ 


5 

0 

a. 


6 

0 

-f 


7 

1-5 



Time of action 
of D on inter- 
mediate dentin 
days 

0 

0 

1 

3 

4 
6 
6 
G 

0 

0 

0 

1 

o 

3 

5 


* See Fig. 8. 


Diet 3. Low Ca:P ratio, 0-29. Eleven litters of rats getting this diet were 
examined. The growth rate was fastor than tlmt of the rats on diet 2, but not 
so fast as that of those on diet 1. The rats w^re uniformly bad-tempered an(f 
excitahie and several attempted to bite the writer while being dosed. Seekles 
& Sjollema [1933] have shown that low Ca:P ratio diets increase the excit- 
ability of the muscles. None of these rats had rickets and the line test gave no 
value lower than 5. The bone ash figures were, however, lower than normal, 
indicating u fair degree of osteoporosis, and varied between 38-73 and 49-21 %. 
The administration of vita min D had no effect upon these values. 

The negative- control animals aU showed in their teeth the same signs of 
malcalcification as were found with diet 2. The dentin response to -vitamin D 
was quahtatively the same in all teeth. As -with diet 2, the lingual side reacted 
by the laying do-wn of a zone of deeply staining dentin, which became wider 
the longer the -vitamin had acted and was often made up of incremental 
stripes. On the labial side, however, an entirely different picture was found. 
Here the dentin responded by the formation of large clumps of interglobular 
dentin over the whole predentin area. With higher dosages these tended to 
fuse and form a more homogeneous mass, especially on the odontoblast side, 
but even when this happened the predentin was always abnormally -wide 
(Pig. 11). 

Three fitters of rats were treated with procedure (a). The re^onse to NaP 
in the rats getting no vitamin D appeared as a fine blue fine in the extremely 
•wide labial predentin and measurements showed that calcification, was 
delayed from the normal 24 hr. to &om 15 to 20 days (Pig. 12). Calcification 
was not delayed to the same extent on the lingual side, but in one tooth a 
similar fine was seen in the predentin on this side also. The incremental dentin 
VH. cm. ’ „ 
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growtli rate in these teeth was 48/1 during the last 10 days of the experiment. 
The ad minis tration of vitamin D increased the incremental growth of the 
dentin to 76/t over the last 10 day's of the experim'ent, a value stiU much below 
normal. The irregular deposits of labial dentin made it quite impossible to 
compute the time of action of the vitamin by the methods used with the rata 
on diet 2. It could be seen, however, that the new interglobular dentin was 
deposited up to and even beyond the NaF line. Thus the clear predenb’n 
between the NaF line and the calcified dentin in lig. 12 is filled in with inter- 
globular dentin in Fig. 13, indicating the calcification of dentin formed before 
the NaF was injected. In this particular section predentin, laid down about 
3 days before vitamin D dosage, had been retrospectively calcified. The reactive 
dentin on the lingual side was in some cases laid down in stripes. From 
evidence obtained using procedure (c) it will be seen that these stripes were 
daily increments of dentin. Using procedure (a) the vitamin had acted at this 
dose level for from 8 to 9 days. 

Three litters of rats were treated with procedure (b). With the lower dose 
levels, no change was seen in the labirfl dentin, but with doses above 2-3 i.u. 
a response of the type already described was found, the whole predentin being 
filled with irregularly laid down interglobular dentin, which tended to fuse and . 
fill up the predentin at the higher dose levels. On the lingual side, a purple 
zone of reactive' dentin was seen at aU dose levels, the number of stripes 
present in the teeth indicating that the vitamin-had acted for from 5 to 9 
days, depending on the dose level. 

Five litters of rats were treated with procedure (c). Rats from two of these 
litters were killed at 24 hr. intervals after the vitamin had been given. On the 
labial side of the'tooth no change was noted till 3 days had elapsed, when the 
whole predentin width began to fill up with interglobular dentin. In later 
sections the old predentin became completely replaced by interglobular dentin 
which tended in some cases to fuse into a solid line in the part nearest the pulp. 
Thus the labial predentin laid down from the time the vitamin had been given 
coxild retrospectively calcify 3 days later; and, since it has also been found that 
predentin laid down 3 days before the vitamin had been given could be 
similarly affected, this retrospective calcification could involve predentin laid 
down as much as 6 days previously. On the lingual side a narrow strip of new 
dentin was visible 2 days after vitamin dosage. This strip was present as two 
stripes 3 days after dosage, and in the teeth of animals killed on successive 
days one more stripe was added per day. This showed that these stripes were 
daily increments of dentin. These results also suggested that the vitamin had 
begim to act only a few hotus after dosage, since the new dentin would not 
form- till it had existed for 24 hr. as predentin. 

In order to determine more accurately when vitamin D had begun to.act, 
the rats of three litters were killed at 6-hourly intervals, up to 72 hr. after 
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vitamin D dosage. No response rvas found in the labial dentin till 72 1^. bad 
elapsed, but the lingual dentin sbovred a fine calcified line 30 br. after dosage 
(Fig. 14). From this it may be concluded that tbe vitamin began to act on 
bngual predentin formation about 6 br. after it bad been given. 


Discussion' 

Tbe Steenbock & Black diet is undoubtedly deficient in many respects and 
growth on this diet and its modifications is knoira to be poo'r. Carnes, Pappen- 
heimex & Stoerk [1942] conducted experiments in which the Steenbock & 
Black diet without CaCOg was the basal ration as in the present experiment. To 
this Ca and P salts were added to ^ve various ratios and contents. In all 
cases they found growth to be poor even although a vitamin B complex con- 
centrate was also given. Zucker, H all & Young [1941] stated that the addition 
of P to the Steenbock & Black diet increased the growth rate over that of 
animals on the diet alone. The present results confirm this but even so the 
growth rate was very slow. 

Normal calcification will, however, occur if the CaiP ratio is adjusted. 
Karelitz & Shohl [1927] found a rapid healing of rickets in rats on the Steen- 
bock & Black diet if phosphate was- added. Key & Morgan [1932] likewise 
reported that when the CaCOg of this diet was replaced by calcium phosphate 
complete healing of rickets took place in 10 days. In the present experiments 
the animals eating diet 1 were maintained on this over the whole experimental 
period. As has been found by other workers [Sherman & Macleod, 1925 •, 
Yeager & IVinters, 1935] in stunted animab, the chemical composition of the 
bones was superior to that of the weight controb, but inferior to that of the age ' 
controb. Examination of the- teeth showed that almost normal calcification 
occurred with the diet alone, and completely normal calcification when vitamin 
D was added. Since thb diet contained adequate Ca and P, it would appear, 
in spite of statements to the contrary, that rats do require a small amount of 
thb vitamin, probably about 0-5 i.u. per day, for perfect calcification. 

The changes in the teeth of rats on diet 2 after vitamin D dosage were of 
a quantitative nature and could be fairly accurately measured. They were 
similar to those reported by Schouc & Ham [1934] and Schour et ah [1937], 
who gave normal and parathyroidectombed rats doses of parathormone and 
massive doses of calciferol (up to 644,000 i.u.). These writers reported the 
appearance of new deeply calcified dentin as a .result of thb procedure, the 
onset being almost immediately after the administration of vitamin II, as 
would be expected with such high dosage. They abo stressed the appearance 
of two stages in the dentin response— a primary hypocalcified stripe and a 
secondary hypercalcified zone. Schour & Ham [1933] correbted these with 
changes m the serum Ca level, the former occurring during a rise in thb figure, 
and the latter while the serum Ca was falling. No such zones were seen in the 

2—2 
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present work. Tke reactive dentin was preceded by a hypocalcified area bat 
this was the uncah?ified predentin already present -before the vitamin was 
given. It is possible that the primary hypocalcified stripe only occurs with 
large doses of the vitamin. Schour et al. [1937] also commented on the pro- 
longed improving effects of the vitamin which has also been found in the 
present results using very much smaller ammmts of vitamin D. The histo- 
logical picture after injection of parathyroid extract was the same as that after 
giving calciferol. It would appear probable that any agent affecting calcifica- 
tion would produce the same type of response in the dentin of animals on^diets 
with a high Ca :P ratio. It is now well recognized that vitamin D does not act 
through the parathyroids. 

Much attention has recently been paid to the formation of enamel, and the 
results obtained in the present work with diet 2 show that in many respects 
enamel and dentin calcification resemble each other. MTiile the various theories 
of enamel formation differ in detail, they all agree that enamel matrix in man 
takes a definite length of time to mature [about ipO days, Chase, 1935; 
Diamond & Weinmann, 1940]. Diamond & Weinmann [1940] considered that 
calcification occurred only when the matrix was completely formed, possibly 
'by a process of crystallization of contained colloidal Ca, this cbinciding with 
the reduction in the enamel organ cells. These writers also made the important 
suggestion that hypoplastic changes in the enamel occurred during amelo- 
genesis, i.e. during formation of the organic matrix and not during the sub- 
sequent calcification. 

It is possible that such a theory applies equally to dentin formation with 
high ratio diets. Under normal circumstances predentin matures in 24 hr. 
and becomes calcified. With high Ca;P ratio diets maturation may be delayed 
as much as 8 days, but the calcification potentiahties of the predentin formed 
under such circumstances cannot be altered by such agents as vitamin D or 
parathormone. Only the predentin formed after such agents are given is 
affected and reverts to the normal maturation cycle. At this time predentin is 
presumably being calcified in two separate places — one being at the edge of 
the old wide predentin formed before the agent was given, and the other in the 
reactive zone due to the agent. The rate of maturation of the old predentin is 
outside the influence of the calcifying agent. 

The changes in the teeth of rats on diet 3 after vitamin D had been given 
differed on the labial and lingual sides. Different reactions on the two sides of 
the tooth have been previously described in other conditions, such as vitamin 
A deficiency HAhlbach & Howb, 1925, 1933; Irving & Richards, 1939; Schour, 
Hoffman & Smith, 1941] and Mg deficiency [Gagnm, Schour and Patras, 
1942]. The reaction on the lingual side was Abe same as that of the rats on 
diet 2, a new reactive zone of dentin being formed. On the labial side, however, 
an entirely different picture was seen. 
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The histological appearance on the labial sides of the teeth of the control 
inimals on diets 2 and 3 were identical, with \s-ide predentin and.the usual 
signs of malcalcification. The intimate reactions of malcalcihcation and 
recalcification must' differ considerably in the two cases since retrospectixm 
calcification could occur for up to 6 days in dentin formed in rats on low ratio 
diets. It is not easy to explain this difference. Dentin formed on the two diets 
differs in chemical composition. K-arshan & Rosebury [1932]' and Gaunt & 
Irving [1940] found that the ash content of the dentin of rats on high Ca;P 
ratio diets was not altered, but that of rats on low Ca:P ratio diets was 
lowered in amount. 'Karshan & Rosebury [1933] further reported that the 
effects produced by low Ca diets were irrespective of the P content of the diet. 

It would thus appear that with a low intake of Ca and a low blood Ca value, 
such as these rats must have had s’mce they were so liable to tetany, a different 
kind of dentin is formed. The process of maturation of this dentin can be 
accelerated by the vitamin in a way not possible on other diets. If this be 
conceded, then it must be admitted that Diamond & Weinmann’s theory [1940] 
of hypoplasia does not apply to this type of dentin', since the potentialities of 
calcification are Pot irreversibly laid down in the [matrix. It is not possible to' 
see at present any explanation of this apparent dental heresy, but the facts 
cited in this paper cannot bear any other interpretation. Karshan & Rosebury 
[1933] found that the administration of cod liver oil to rats on low ratio diets 
improved the calcification of the incisors but the dentin lining the'pulp cavity 
became very irregular, a finding s imil ar to that reported in the present paper. 

The changes in the teeth after vitamin D acted as an accurate and the earliest, 
so far described, index of the action of the vitamin. It would appear from the 
hteratme that about 3 days are the minimum for the bony response to occur 
in rachitic rats after vitamin D dosage. Thus Bills, Honeywell, Wirick & 
Nussmeier [1931] found that a certain amormt of vitamin D (probably between 
20 and 30 i.u.) gave their grade of 2 + healing after 14 days. The same amount 
of'healing could be obtained after 3 days, but 105 times the amount of the 
vitamin had to be given to achieve this. They further stated that 5 days was 
the minimum curative period' for a satisfactory line test assay. Kramer, 
Shear & Siegel [1931] found that healing could be detected in the epiphyses of 
some rats 3 days after the daily dosage with about 3 i.u., but chemical changes 
in the blood (a rise in Ca x P) had occurred earlier than this. Morgareide & 
Manly [1939] stated that the appearance of the line test coincided with the 
occurrence of radio-P in the epiphysis, when this had been given concurrently 
with the vitamin, and that this occurred 54-72 hr. after dosage with 10 or 
16 i.u. In the present experiments no epiphyseal response was detected till at 
least 6 days after vitamin administration. 

Evidence of mtamin action could be detected in the teeth in the present 
expenments very much earlier than in the bones by any of these cited workers 
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and tising doses of vitamin D much, smaller than those of Bills al. It would 
thus appear that the teeth are a far more sensitive index of vitamin D'activitj’ 
'than the epiphyses. This confirms the findings of previous workers that the 
teeth are more avid of calcifying agents than the bones [Karshan & Bosehuiy, 
1932; Gaunt, Irving & Thomson, 1939]. It is of interest that Kramer el al 
detected changes in the blood Ca and P at least a day before histological changes 
in the bones were noted; while Bevelandec. & Hoskins [1939] considered the 
teeth changes to be even more delicate indices of alterations in Ca and 
metabolism than the serum values. 

Schour et al. [1937] stated that a reaction in the incisor of the parathyroi ec . 
tomized rat could be seen 24 hr. after dosage with-from 46,000 to 644,000 i.u. 
of calciferol. These results, obtained with such massive dosage, hardly compare 
with those reported here. 

The present theories of vitamin D action do not agree as to where the vitamin 
exerts its action. Nicolaysen [1937 a, 6] produced very convincing evidence 
that vitamin I) acted upon Ca absorption in the gut, an extension of the theory 
of Harris & Innes [1931], P absorption being secondarily improved. Workere 
with radio-P have not, however, foimd that vitamin D had any effect 
absorption [Dols, Jansen, Sizoo & de Vries, 1937 ; Morgareide & Manly, 
and in addition the latter workers objected that vitamin D could not sc 
solely by improving intestinal absorption, as the time of its action wo no 
allow of this. After the addition of P to a high Ca:P ratio diet, hea S ^ 
detectable ■within 12 hr. [Kramer et al. 1931] or 24 hr. [Karelitz & Shohl, 1 > 

whereas after ■vitamin D dosage, 54 hr. was tlm minimum time for heali^ 
be first seen. They therefore concluded that" vitamin D required a certem 
interval of time in which ‘to mobilize the phosphorus required for the hea ng 
process’, and further that the ‘mode of action of ■vitamin D is nOt limite ^ 
the control of intestinal absorption of the elements concerned in calcification . 
Other workers have made similar suggestions. Thus McGowan, Cunning am 
& Auchinachie [1931] and McGowan [1933] considered that vitai^ 
liberated P from phospholipins in the body. Schneider & Steenbock [19 J 
stated that the vitamin could act by depri'ving the soft tissues of P w o wa 
transferred to the calcifying sites, though Day & McCollum [193 ] ^a 


criticized this ■view. . . . -n. i i nn 

The present results do not support the theory that ■vitamin acts so e y 
intestinal absorption. It will be seen that while the vitamin could act ^thm 
24 hr. ■with fairly large doses, as much as 8 days could elapse e ore i ega 
its action on the teeth when given in small doses. It is hard to conceive J 
ritamin remaining for this length of time in the gut before s \ ' 

Ld it tvonid .pp»rmo.t uplitely th.t it aot^ .olelj- in tto, part » 

F°L tthat otto part of the body it mobiliaM the ele».enta neeesa.ty fo. 
calcification to begin it is at present impossible to say. 
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In tlie present results tlie speed of onset- of nevr calcification vras a^roxi- 
matelr tie same ariti diets 2 and 3. using doses of IS-I i.n. With diet 2 the 
response "Kas |)rogre^vely later vrhen lower doses were given: with diet 3 the 
response was also prohably later with smaller dosage, bnt accurate estimation 
was not possible. With diet 1 the vitainin acted in 21 hr. at all dose levels 
which gave a response. These findings would snggest that a certain state has 
to be attained in the body before vitamin action begins: this state is more 
rapidlv developed with normal ratio diets, or greater dosage of vitauun D. 
This suaeestion is reminiscent of the work of Kramer ef al. [19313 who found an 
increase in the blood Ca x? before vitamin D had actually begun to act on tbe 
epiphvses. tbdngh it has been pointed ont [Reed, Stmck & Steck, 1939] that 
the blood changes in rickets are inconstant and not a reliable guide to tbe 
metabolic changes. Prom a consideration of the Irteratnre it would appear 
very probable, however, that this state which precedes the onset of the healing 
process is some kind of mobifization of Ca and P. As is well known, Robison & 
Soames [19-2-1] and Shipley, Kramer k. Howland [1926] fonnd that rachitic 
bones'wonld calcify in vitro if immersed in flnids of appropriate comporition; 
while Karelitz & Shohl [1927], Kramer ci al. [1931], Key & Morgan [1932] and 
Kicohtysen & Jansen [1939] have found that high Ca low P rickets could be 
healed by the administration of phosphate. 

Whatever the fundamental nature of this mobflizarion, it would appear 
from the present work that it requires a definite interval of time to be attained, 
depending on the diet- and dosage of vitamin D: once it has been reached it- 
exerts a maximal effect- whether it begins early or late. 

SoQLiET 

1. Young rats weighing ftom 30 to 60 g. were placed on diets of different 
Ca:P ratio, constructed by modifiring the Steenboek and Black rachito^'enic 
diet no. 2965, for 28 days. They were then dosed with vitamm D and some were 
also iniected with KaP solution to act as a marker 'on the tooth. After a farther 
period they were killed and examined. The response in the dentin of the 
incisor teeth was such that the rime of action of the vitamin could be computed 

2. Rats on the diet with a Ca:P ratio of 1-S were stunted in size but- the^ 
bone ash was normal Their incisor teeth were very slightly malcaldfied, 
Admimstration of vitamin D caused completely normaf to^th formation. 
Trtamin action was detectable after 2-1: hr. The results suggested that rate 
require about 0-5 i.u. per day for optimal calcificatioru 

3. Eats on the diet with a Ca ;P ratio of i-l showed all the sinns of ricket<^ 
and had malcalciSed teeth. Administration of vitamin D caused a resumption 
of new calcification in the dentin, the dentin matrix laid down before doige 
being unaffected. A logarithmic relationship was found between the resimiL 
m the teeth and the dose level of the vitamin, as also occurs with the lin^est’ 
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Tie teeth were much more sensitive to the action of the vitamin than the 
epiphyses. No epiphyseal response was found in any rat till the vitamin had 
acted for at least 4 days on the teeth. With moderately large doses of the 
vitamin (18'4 i.u.) a response was detected in the dentin after 24 hr. 

4. Rats on the diet with a Ca:P ratio of 0-29 had a lowered bone ash but 
the epiphyses were normal in appearance. The teeth were^very poorly calcified. 
The administration of vitamin D caused the same resumption of calcification 
on the lingual side of the tooth as was seen with high Ca:P ratio diets. The 
labial side of^the tooth responded by an irregular deposition of interglobular 
dentin affecting dentin matrix laid down as much 3 days before the vitamin 
Was given. With doses of 18-4 i.n. vitaimn D action was detectable after 30 hr. 

6. These results are discussed with relation to current theories of tooth 
formation and of vitamin D action.'' It is considered that the vitamin action 
is not restricted to its effect upon intestinal absorptioru 

The Ttnter is indebted to Miss H. Sohwartz, Department of diemistry, Dniveisity of Cap® 
Town, for assistance "vrith the dosing of the animals and for analysing the diets; to Messrs D. G. 
Donoan and J. CoUen for teohnioal assistance with the rats; and to Dr J. Staz, Dental School and 
Hospital, University of the Witwatersrand, for drawing his attention to the use of hntyl alcohol 
in dehydrating and clearing dental tissues. The expenses of this ■work ■were defrayed by granti 
from the Staff Research Fund, University of Cape Town, and the National Research Counoil and 
Board, Union of South Africa; for these grateful acknowledgement is made. 
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EXPLANATION OF PLATES 1, 2 AND 3 


a=dentin, 6=predentin, c= odontoblasts, d=ptilp. 
iEgnjfication in aB microphotographs is x 102. 

Pl.iTE 1 

Fig. 3. Emgitndinal section of the intermediate part of the labial side of the npper incisor of a 
normal rat, to show the various strnctnrea. 


Fig. 4. Ixmgitndinal section of the intermediate part of the labial side of the upper incisor of 
a rat 38 davs on diet 2, which was injected with 0-4 c.c. 2 °/o HbE solution and given 9-2 Ln. 
vitamin D 10 davs before being killed, d = dentin and predentin formed before the vitamin 
was given or had acted, a® = dentin formed under the influence of the vitamin. The arrow 
points to the XaF line. Kote the incremental stratification of the new dentin. 


Fig. 5. Longitudinal section of the intermediate part of the labial side af the npper incisor of a 
tat on diet 1, which was given ISA Lu. -vitamin D 10 davs before being ViTled a^wdentin 
formed before the vitamin was given or had acted. o*=dentin formed under the inflnence 
of the vitamin. Hole the better formation of dentin after the vitamin had been grveo. 

L the intermediate part of the labial side of the npper incisor of « 

rat 3S dnvB on diet 2. Xote the very wide predentin and vascular inelnsions. 
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Plate 2 

Pig. 7. Longitudinal section of the intermediate part of the labial side of the upper incisor of » 
rat 38 days on diet 2, which was given 9-2 i.u. vitannin D 10 days before being killed. = 
dentin and predentin formed before the vitamin was given or had acted. dentin formed 
- under the influence of the vitamin. 

Pig. 8. Longitudinal sections of the ejdreme proximal ends of the labial sides of,teeth of rats on 
diet 2. a, killed 1 day after dosage with 18-4 i.u. vitamin D. No change in the predentin is 
seen, b, killed 2 days after similar dosage. A fine mass of calcospherites is seen in the pre- 
dentin. c, killed 3 days after similar dosage. A large mass of dentin is now formed. 

Pig. 9. Longitudinal section of the interm^'nte part' of the labial side of the upper incisor of a 
rat on diet 2, killed 6 dajm-after dosage with 18-4 i.u. vitaniin D. Note the line of caloosphentei 
in the predentin. 

Pig. 10. Longitudinal section of the intermediate part of the labial side of the upper incisor of a 
rat on diet 2, killed 6 da 3 m after dosage with 18-4 i.u. vitamin D. The calcospherites have fused 
to form a solid line of new dentin. ^ ■ 

Plate 3 > 

Pig. 11. Longitudinal section of the intermediate part of the labial side of the upper incisor of a 
rat 38 days on diet 3, killed 10 days after dosage with 18-4 i.u. vitamin N. Note.the irregahr 
and massive response in the dentin. It is impossible in this section to say at what stage the 
vitamin began to act. 

Fig. 12. Longitudinal section of the intermediate part of the labial -side of the upper incisor of a 
rat 38 days on diet 3. 0-1 o.o. 2 % NaP solution was injected 10 days prior to death. The 
arrow points to the fine line in the predentin caused by ,the NaP. 

Pig. 13. Longitudinal section of the intermediate part of the labia] side of the upper incisor of a 
rat on diet 3 for 38 days, killed 10 days after injection with 0-1 o.o. 2 % NaP soiution and 
dosage with 9-2 i.u. vitamin D. The arrow points to the NaP line, which can be seen extending 
through the new dentin and as a fine black line in the predentin in the gap in the dentin at 
the top of the section, o' = dentin formed before the vitarnin acted.' a* = dentin formed imder 
the action of the vitamin. 

Fig. 14. Longitudinal section of the intermediate part of the lingual aide of the upper incisor 6f a 
rat on diet 3, killed 30 hr. after dosage with 18-4 i.u. vitamin D. The arrow pointe to the fine 
line of well calcified new dentin. 
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THE NATURE OF SYNAPTIC TRANSMISSION IN 
A SYMPATHETIC GANGLION 

Bt J. C. ECCLES, From the Kammatsu Memorial Institute 
of Pathology, Sydney Hospital, Sydney 

{Peceived 14 October 1943) 

It has been sho'ro that synaptic transmission in the stellate ganglion is largely, 
if not entirely, mediated by the local catelectrotonic potential which pre- 
ganglionic jmpnlses set np in ganglion cells — ^the synaptic potential [Eccles, 
1943]. The synaptic potential is thns homologous with the end-plate potential 
of striated muscle. In the present paper the synaptic potential has been 
further investigated both in the normal and curarized ganglion, and with 
single and repetitive stimulation. In particular the effect of eserine has been 
studied in detail in order to throw light on the role of acetylcholine in setting 
up the synaptic potential and -the discharge of impulses by the ganglion cells. 
The evidence so obtained on the acetylcholine action at the synapse is dis- 
cussed in relation to other relevant data on synaptic transmission. 

The method of experiment has been fully described in a preceding paper 
[Eccles, 1943]. All experiments were performed on cats under nembutal 
anaesthesia, which has no appreciable action on the sympathetic ganglion 
[Eccles, 19356; Bronk, Tower, Solandt & Larrabee, 1938]. All injections of 
eserine were preceded by an injection of at least 1 mg./kg. of atropine. 


A. The actiox of esebise ox the stxaptic potextial 
1. Single and double preganglionic volleys in curarized ganglion 
In Fig. 1 synaptic transmission through the stellate ganglion has been blocked 
by curare; hence a single preganglionic volley sets up only a local negative 
potential of the ganglion cells relative to their postgan^onic nerve fibres— 
the synaptic potential [Eccles, 1943]. Careful comparison of record (i) with 
(ii), (iii) and (iv) shows that the time course 'of the synaptic potential has not 
been significantly altered by even the largest dose of eserine. In some exneri 
ments, however, esenne has had a slight but significant action in lennthe^ 

shov^ A^es” eLct SXLrS Kg !‘2 ^ftht rL^ti 
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but tbe summit is delayed, and'’the falling phase slower. This effect appears 
mdre marked with a large dose of eserine (6'6 mg./kg.) than with 0'6 mg./hg. 
A much greater effect of the same general character was invariably produce 
by eserine on the end-plate potential of curarized muscle [Eccles, Katz 
Kuffler, i9i2, Fig. 7]. ' ' 



rig. 1. Synaptic potentials set up in; the curarized steUate ganglion by sing e intn- 

volleys: (i) before esorinization; between (i) and (ii) 0-5 mg. eserine/k^ mjM 
venoualy; between (ii) and (iii), and' (iii) and (iv) further doses of 2 mg./kg. block, 

time small 'doses of curare were injected in order to maintain the comp ete syna 
The base<line for each record has been drawn in order to faoihtate comparison. 


mV. 



Fig. 2. The alow rounded^curves show synaptic potentials set up in ano er curam ^ ^ 
the continuous line before eserine, the broken and dotted lines after injec o 
6*6 mg./kg. eserine respectively. Potential scale for dotted curve 0*8 t e a 
continuous and dotted peaked curves have been determined by analysis o e co 
synaptic potentials (see Discussion). 


When the synaptic potential exceeds a critical value, an imp e is 
harged from some ganglion cells, as shown by a spike superimpose 
ynaptic potential [Eccles, 1943, § 4]. No significant alteration o t is 
)otential has been observed with' even the largest doses of eserine. 

A second preganglionic volley, at intervals up to about 0-2 sec. a r 
irst, adds a synaptic potential which is usually slightly larger an e , 
>nt which may be much larger or slightly smaUer [Eccles. 
rtTiatever the effect in any particular experiment, it is 
iltered by even the largest doses of eserine. 
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2. Bepetitive preganglionic volleys in curarized ganglion - 

Fig. 3 shoTTs the synaptic potentials produced by repetitive preganglionic 
volleys at various frequencies in the deeply eserinized stellate ganglion 


uiiiuumnnurnirniuiiuuiiur. 
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potent&ls of enrarized and eserinized (6 mg./kg.) steUate ganglion set up bv 
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(6 mg./kg.). The synaptic potentials set up. in this same stellate ganglion by 
a sim il ar series of volleys previous to eserinization have already been illiis- 
trated [Fig. 5 a, Eccles, 1943]. From these, two series Fig. 4 has been 
• constructed in order to facilitate comparison of the decaying phases for 
corresponding responses. 

The response at" 13-5 per sec. resembles' the single response in not [leing 
' significantly- modified by eserine either during the stimulation or the subse- 
quent decay. On the other hand, with 28 per sec. and. still more with 84 and 
140 per sec. (aU 0-7 sec. duration) the eserinized ganglion gives a prolonged 
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Fig. 6. As in Fig. 3 in another experiment after 6 mg. eserine/kg. ; aji series 0-4 see. stimulation 
at respectively 126, 80, 37 and 26 per see. Time, 10 msec. 


negative response on cessation of stimulation. However, with 28 and 55 
per sec. there is stiU the incomplete fusion of the successive synaptic potentials 
giving a wavy plateau closely resembling the corresponding response before 
eseiinization. 

Before eserinization the synaptic potentials showed, during the last 0'4 sec. 
of rapid repetitive stimulation (84 and 140 per sec.), a progressive decline to 
about 80% of the maximum potential [Fig. 5 a, Eccles, 1943]. Fig. 3 shows 
that this decline has been prevented by eserine. This suggests that this latter 
part of the response is lifted by a gradual building up of that negativity which 
becomes evident at the end of stimidation on account of its very slow decay. 
Thus, there would appear to be a- separation of the synaptic potential built 
up during repetitive stimulation into quickly decaying and prolonged frac- 
tions. This separation is more clear-cut in Fig. 5, where the prolonged negative 
potential runs a stiU slower time course than in Fig. 3. In fact the rate of 
fall in the record is no faster than could be accounted for by the time constant 
of the amplifier — half-time equals 6 sec. for a constant potential applied in 
series with the preparation. In Fig. 6a the complete course of the response 



31 


SYNAPTIC TBANSMJSSION IN GANGLION 

to 125 pet sec. from Tig. 5 tas been plotted, together -with the similar responses 
before eserinization and after injection of 1 mg. eserine/lcg. body rveight. 
Atmin the course of the response during tetaruzation suggests that the pro- 
longed fraction is being bnilt -up daring tetanizartion. The very slow decay of 
this prolonged potential makes it possible to extrapolate it back to the end 
of the stimnlation as shown by the dotted line in Tig. 6o. Similar extra- 
polations are tentatively shown in Tig. 4. 




Rg. 6. a, plottings of synaptic potentials set np by stimnlatinn at 125 per sec. for 0-4 sec. 
Arrow .sbo-*^ end of stimnlation. Continuous line before ewrine, long brokea line after 
1 mg. eserine/kg^ short broken line after 6 mg. esetine.'kg. Dotted line described in text. 
i>, prolonged potential [measured at time of second arrow in Rg. 6a, 1-1 sec. after cessation 
of stimnlation) plotted against number of stimuli as absdsaae. Observations partiv shown 
in Rg. 5. c, traasmitter-action curves obtained by analysis of decaving phases of Hg 6a 
(see Discussion), and plotted s imilar ly. Dotted line shows curve foe observation (iii). Kg 5 
37 per sec. for 0-4 sec. Arrow shows end of stimulation. 


When the negative synaptic potential is thus divided into two fractions, 
it is seen that the more qnickly decaying fraction closely resembles in time 
course the non-eserinized after-poteutiak It has been shown that after more 
than 15 stimuH at a frequency above 50 per sec., the svnaptic potential of 
the uon-esenmzed ganglion exhibits an initial period of'slow decav lEecle, 

1943, § 56]. which later quickens nntil, after about 0-3 sec it is almoct ’ 

Rp. 1 .«d 6a, „d ,h, docaving fe.c«„a of ft, 
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esexmizeH potential exMbits an almost identical period of initial slow decay. 
This Bimilarity has been observed with aU repetitive responses, the degree of 
initial slowdng in the non-eserinized response? to different frequencies and 
durations being closely 'miniicke^ in the eserinized responses, no matter how 
deep the eserinization (up to 10 mg. .eserine/kg. body weight). 

The striking action of eserine on the repetitive synaptic potentials is thus 
entirely due to the appearance of a prolonged type of synaptic potential, 
which has not been observed with the longest high-frequency responses of 
the non-eserinized ganglion — usually 140 per sec. for- 0-7 sec.', but in one 
experiment T30 per sec. for 6 sec. was tried. On this prolonged after-potential 
of the eserinized ganglion there is superimposed the same brief after-potential . 
that is observed previous to eserinization. 

In Fig. 6 a, with 1 mg./kg. of eserine, the prolonged potential is only about 
half thg size of the response with 6 mg./kg. The response at 3 mg./kg. is about 
midway between. Thus, the maximum effect may not be attained even with 
6 mg./kg. Other experiments have also shown that large doses of eserine are 
necessary in order to give the f ull development of the prolonged potential, 
e.g. 'with 2 mg. eserine/kg. the prolonged responses were about half the su;e 
of the corresponding responses in Fig. 8 with 6 mg./kg. With small doses of 
eserine the prolonged responses, in addition to being smaller, usually decay 
more rapidly, but base-line drifts have prevented accurate observations. 

When fuUy developed with deep eserinization, the size of the prolonged . 
potential is approximately proportional to the number of preganglionic volleys, 
provided that the rate of stimulation is not too slow, e.g. below 20 per sec., 
for effective summation to occur, or so rapid, e.g. 140 per sec., that impulses 
cease to be fully effective (presumably on account of nerve refractoriness). 
For example, in Fig. 66 an approximately straight-line relationship obtains 
for the observations of Fig. 5, and it has often been observed that halving 
the duration of stimulation approximately halves the size of the prolonged 
potentiali No accurate determinations have, however, been possible because, 
on account of respiratory and cardiac movements, the base-line has not been 
steady enough for the necessary length of time — 1-2 sec. The slow drifts of 
the base-hne may be as large as 0-04mV./sec., but usually it is steady to about 
O'OlmV./seo. Even that would represent a serious error in Fig. 66, where 
the potentials have been measured relative to the base-hne obtaining at the 
commencement of stimulation 1-5 sec. earlier. 

Comparison of the non-eserinized with the eserinized synaptic potentials in 
Figs. 4 and 6 indicates that the prolonged fraction tends to submerge the 
quickly decaying fraction. For example, with Fig. 4 c, rf the quickly decaying 
fraction is much larger relative to the non-eserinized potential than it is in 
Fig. 4 a, 6, and, when the tetanization at 140 per sec. was continued for 4 sec. 
or longer, the quickly decaying fraction was completely submerged. Partial 
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submergence is also evident in Fig. 6. In another experiment on the deeply 
eserinized ganglion, the quickly decaying fraction was almost completely sub- 
merged after only 0-8 sec. tetanization at 140 per sec. Fiulber information 
on this submergence is provided by a comparison of the courses of the non- 
eserinized and the eserinized potentials during stimulation, from which the 
production of the slowly decaying fraction has already been inferred. The 
addition observed during the course of stimulation is found to be much less 
than the prolonged potential appearing subsequent to the stimulation (cf. 
Fig. 6 a). This suggests that the prolonged and quickly decaying fractions of 
the synaptic potential mutually occlude each other, and hence arise in part 
at a common locus. This spatial overlap is, of course, to be expected, for, as 
seen above, synaptic potentials spread electrotonically even along the post- 
ganglionic fibres [Eccles, 1943]. 


B. Responses of normal ganglion to preganglionic stimulation 
1. The spike potential 

The simple (jSj) type of spike response in the cardiac branches of the stellate 
ganglion makes it particularly suitable for the study of impulse transfiussion 
through a sympathetic ganglion [cf. Bronk, Tower & Solandt, 1935; -Bronk 
ei al. 1938; Bronk, 1939]. The present experiments have confirmed the close 
association of inhibition with after-positivity of the ganglion cells [cf. Eccles, 
1935 c, 1936 a]. As Lloyd [1939] has pointed out, the contrary findings of 
Rosenblueth & Simeone [1938 a] are due to their failure to distinguish between 
the spike and the after-negativity on which it is superimposed [cf. Rosenblueth, 
1940]. "When testing for impulse transmission it is essential to record from 
the postganglionic nerve [cf. Eccles, 1935b; Bronk ei al. 1938; Bronk, 1939], 
In regard to the transmission of repetitive trains of impulses through the 
stellate ganglion, the present experiments have confirmed the finding of Bronk 
& Pumphtey [1935] and Rosenblueth & Simeone [1938o] that, with fre- 
quencies above a critical rate, usually about 50 per sec., there is a decline in 
the repetitive spike potentials (compare Fig. 12, showing very little decKne 
at 47 per sec. with Fig. 7 (iii), where there is a rapid decline at 81 per sec.). 


2. The after-potentials 

It is generally agreed that the after-potential of the activated gangUon is 
compounded of two independent but overlapping potentials— usually called 
the negative and positive after-potentials [Eccles, 1935c 1936a 1937a- 
Obrador & Odoriz, 1936; Whitteridge, 1937; Rosenblueth &’simeone 1938a- 
Bronk, 1939; Lloyd. 1937, 1939]. These potentials were ori^aUy c^Ued the 
^ and P waves by the present author, because their identity with the netrative 
and positive after-potentials of nerve had not been established Thh ter 
mmology has been returned in this paper, for. despite the experimental support 
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for such an identity [see Lloyd, 1939, for a sxunmary], a large part of the 
N wave is shown by the following evidence to differ from the negative after- 
potential which arises secondarily to a nerve impulse, and to be a true synaptic 
potential, homologous with the end-plate potential of the nemo-muscular 
[unction, 

[а) During the refractory period following an antidromic voUey, a pre- 
ganglionic voUey faUs to set up the discharge of impulses from the ganglion 
cells ; nevertheless it adds a large N wave to the antidromic response [Eccles, 
1936 a]. 

(б) Sunilarly, a preganglionic voUey fails to set up the discharge of impulses 
from curarized ganglion ceUs, but stiU evokes a large negative potential, the 
synaptic potential, which closely resembles the N wave in time course and in 
associated facilitation [Eccles, 1943], 

(c) Veratrine greatly increases and lengthens the negative after-potential 
of nerve, and a smular effect is observed with the ganglionic after-negativity 
[Lloyd, 1939; Rosenblueth, 1942]; both facihtation and the synaptic potential 
of the curarized gangUon are, however, altered little, if at aU (unpubhshed 
observations). Similarly, though veratrine greatly increases the negative 
after-potential of muscle, it has no action on the end-plate potential either in 
normal or curarized muscle [Eccles et al. 1942; Kuffler, 194^6]. 

Comparison of the ganglionic potentials set up by a preganghonic and by 
an antidromic volley has shown that the ganglionic potential set up by a 
single preganghonic voUey is partly due to impxilses in the ganghon cells (the 
spike and the negative and positive after-potentials), and is partly a local 
negative potential directly produced by the preganghonic impulses (the 
synaptic potential). With the superior cervical ganghon a single preganghomc 
voUey was thus shown to set up a large synaptic potential [Eccles, 1936a], 
particularly in the ganghon ceUs. This synaptic potential disappeared m 
about 200 msec., for after this time the after-potentials set up by preganghonic 
and antidromic stimulation were practicaUy identical both in size and tune 
course. , Comparison of the responses set up in the steUate ganghon by single 
preganghonic and antidromic voUeys (Eig. 8 a) shows that the synaptic 
potential is much smaUer, a difference presumably capable of correlation with 
the absence of ganghon cells. 

Fig. 7 shows the ganghonic potentials set up by repetitive preganglionic 
stimulation for 0-72 sec. and also by a single stimulus. With 12-5 per sec. the 
after-positivity is more prolonged than with the single response, but with 
more rapid stimulation (81 and 132 per sec.) a negative wave appears to be 
superimposed on the initial part (about 0-3 sec.) of the after-positivity, which 
is itself stUl further prolonged. This superimposed negative wave often becomes 
so large that there is a brief initial phase of relative negativity (cf. Figs, 

9 a, c, 10). 
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With repetitive ganglionic after-potentials, determination of the s^aptic 
potentials by comparison with the corresponding antidromic potentials (cf. 
above for single responses) is not possible at high frequencies, because of the 
development of a progressive block in synaptic transmission—the so-called 
Wedensky inhibition. Thus the spikes of Fig. Y show that, even at 81 per sec. 
there is a progressive decline in the number of ganglion cells activated pre- 
gangbonically. though with antidromic stimulation the spike heights are well 
maintained even at 100 per sec. The synaptic block would, however, be much 
less than is indicated by the spike heights, for with rapid stimulation the 
ganglion cell discharge becomes progressively more asynchronous. For* 
example, in Fig. 7 (ii) the large P wave of the after-potential shows that a 
large but unknown fraction of the ganglion cells was discharging throughout 






Fig. 7. Potentials set up in normal stellate ganglion (measured relative to postganglionic cardiac 
nerve) by preganglionic stimulation: (i), (ii) and (iii) respectively 12J, 132 and 81 per sec. 
for 0-72 sec.; (iv) single stimnlus. 


the stimulation, and yet the spikes had virtually disappeared after the first 
few stimuli. With rapid stimulation it is thus impossible by comparison with 
the antidromic responses to discover the time course of the after-potentials 
resulting from the discharge of impulses from the ganglion; hence the synaptic 
potential can only be approximately determined (cf. also Figs. 9, 10). The 
after-discharge occurring after rapid preganglionic stimulation (§ B3) farther 
interferes with the comparison. 

In Fig. 8 there are plotted, superimposed, the ganglionic after-potentials set 
up by similar preganglionic and antidromic tetanization at a slower frequency 
(60 per sec.), where the Wedensky block developed touch more slowly. With 
the antidromic records the grid lead surrounds the postganglionic pole'of the' 
ganglion, the earthed lead is around the intact, but isolated, postgangUonic 
ne^e some 6 mm. distaUy, and the stimulating electrodes are applied several 
nullimetres further distally. Eesponses to pregangUonic stimulation were re- 
corded mthout altermg the position of the recording leads. Thus Fig. 8 shows 

3—2 
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X jy ^ r j. j.yy , _ 

The after-potentials ^ ^ 

acreases and lengthens, eventnally 
ihoning an initial phase of increas- 
aig positivity (Eig. 8d), ^hile the 
Pg -wave increases approximately 
proportionally ^dth the number of 
stimnli. However, it is important 
to realize that, on account of the 
method of recording, these anti- 
dromic potentials are not the gang- 
lionic after-potentials but only the 

differencebetweenthe ganglionic and 
the postganglionic after-potentials. 

Lloyd [1939] has summarized the 
evidence that the after-potentials 
recorded from a ganglion are largely 
produced in the ganglion cells and 
not in their postganglionic fibres 
[of. Eccles, 1937 a]. The large after- 
potentials shown in Eig. 8 further 
support this conclusion. Since there 
is no reason to suppose that the 
potentials of the postganglionic 
fibres are significantly - different Hg. 9. a, ganglionic after-potentiab for repetitive 
during their intraganglionic course, pregangUonio stimnlation at 132 ^r geo. Con- 

uiumg OUCH. 6“^ ^ ^ . tinnons line responae to arnglBBtimnlns; responses 

shotm by progressively ghorter broken lines for 
8, 16, 31, 60 and 100 gtimnli respectively. The 
arroirs ehow the times of cessation of the after- 
discharges. Zerotimecorrespondatolaststimnlns. 
6, as in Fig. 9o in another eiperiment, butirith 
response to 100 gtimnli not shown, c, after- 
potentials plotted as in Fig. 9 a, bat with stimola- 
tion firequency varied: continnons line, 19 gtimnli 
at 2S per gee.; long broken line, 17 st imnli at 
38 per gee.; short broken line, 17 stimnli at 
88 per geo. 



the after-potentials recorded as in 
Fig. 8 must be very largely pro- 
duced in the ganglion cells, for with 
the two leads the after-potentials 
of thev postganglionic fibres would 
cancel out. In agreement with this 
the records of Fig. 10 a, 2 and 4 mm. 
from the ganglion, show that the N 
wave decrements rapidly along the 
postganglionic fibres and the P wave 
somewhat less rapidly. These spatial decrements are more rapid after shorter 
bursts of repetitive stimulation, e.g. with 0-19 sec. in Fig. 106. Both in 
this respect and in the rate of spatial decrement, the postganglionic spread 
of the and P waves in Fig. 10 is satisfactorily explained as an electrotonic 
spread of potentials produced in the ganglion (cf. the spread of the synaptic 


38 ' J.-C.ECCLES 

potential, falling to 1/e in about 1-7 mm. [Eccles, 

fimtber postgangUonicaUy, however, no further decremOT 7 

irthe after'potential (recorded with one lead on the 

then entirely a postganglionic after-potential [cf. Bro 

1939]. ' 



3. After-discharge 

Evidence for a smaU, but inconstant, membrane 

cervical ganglion was derived from a postganglionic tetanization 

responses produced by identical ,^935 j ^nd such after-discharges 

kt a rate of 40 per sec. for 1-2 sec. ^9333 ^nd Bronh [1939]. 

have been directly recorded after- discharges are in- 

In the present experiments it has ^®- "Jf.gtnic tetanization, for 
variably set up after short burs o maximum intensity 

example, by 26 stimuli at 130 per ®®®- J stimuU (Fig. 11 (u)). 
of after-discharge is usuaUy attamed a le^ the low intensity dis- 
it is more prolonged with j After-discharge is also 

charge of Fig. 11 (iv) persisted for several (^33^ 

usually seen with short bursts of pttle or no after-discharge 

but stimulation at rates under 60 per sec. 1939]. Thus in Fig. H (■”)> 

even when continued for stimulation at 46 per sec. 

(vii) and (viii) a smaU. ^ or 12 per see. for 7' sec. 

for 4-2 sec., but none with 26 per ®®®- ^ onditions for producing after- 
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to tte decay of tlie synaptic potential. However, after-discharge is often 
observed when the synaptic potential fails to snm snf&ciently to give a hnef 
initial negative phase, e.g. in Pig. 7 (h) there was a little after-discharge. 
Larrabee & Bronk [1938] suggested that the after-positmty was responsible 
for the brief early intermission in the after-discharge set up by prolonged 
stimulation. Intermissions brought about in this way ate seen in Fig. 11, 
observations (ii) and (iii). 



Fig. iZ. Aftet-diaoharges firom normal stellate ganglion resxjlting from repetitive preganglionio 
stimnlation. Arrow at lower -left comer shows time of last stimnlus for all records. The 
large diphasio potentials at about O o sec. intervals are the electrocardiogram, (i)-(iv) stimn- 
lation at 130 per sec. for 0-2, 0-4, 0-8 and 4 sec. respectively; (r) 80 per sec., 0-S sec.; 
(vi) 46 per sec., 4-2 sec.; (vii) 25 per sec., 4 sec.; (viii) 12 per seo„ 7 sec. The noise level of the 
base-line is shown in these last two observations as no after.dischar^ occurred. 

C. The actiox of eserine on the noriial ganglionic potentials 
1. The spike potential 

Rosenblueth & Simebne [1938b] state that eserine strildngly modifies the 
response of the ganglion to repetitive preganglionic stimulation, causing a 
progressive decrease in spike height at low frequencies (10 andT9 per sec. in 
their Fig. 7), where it does not normally occur. In the present experiments 
eserine in doses up to 8 mg./kg. has had no significant effect on spike heights 
during tetanic stimulation (cf. Fig.' 12). Durations of stimulation up to 
0-8 sec., and frequencies from 12 up to 130 per sec. have been employed in 
hundreds of records with uniformly negative results. Bronk et ah [1935] 
siimlarly failed to detect any action of eserine. The present negative findings 
may also be linked with the failure of Brown & Feldberg [1936] to find an 
mhibitmg dip’ on repetitive activation of a ganglion naturally circulated 
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witli blood, and also (since the ‘ inhibitory dip ’ observed in the saline perfused 
ganglion is due to the depressant action of excess acetylcholine) with the very 
small quantities of acetylcholine liberated from naturally circulated ganglia 
[Lorente de N6, 1938; Macintosh, 1938a]. Thus it seems that the ‘inhibitory 
dip described, by Rosenblueth & Simeone [19386] is probably attributable 
to the poor circulation through their ganglia. The intense affcer-discliarge 
(§ 03) arising with more prolonged stimulation would be expected eventually 
to cause a progressive decrease in spike height during prolonged repetitive 
stimulation, but Rosenblueth & Simeone show quite a striking decrease after 
onfy 10-20 stimuli, and in most of their records were uncertain of the presence 
of after-discharge. 



Fig. 12. Qanglionio potentials set up as in Fig. 7 by preganglionio Btimnlation at 47 per sec. 
for 0-4 see. (1) before eseriniration, (ii) after injection of 8 mg. eserine/kg. 


2. The after-potential 

The effect of eserine on after-potentials has hitherto only been investigated 
with the responses 'to single or double preganghonic volleys. In some experi- 
ments of the present series no significant effect was observed [cf. Eccles, 
1936c], but in others (cf. Fig. 8a) eserine produced a small decrease in the 
after-positivity [cf. Rosenblueth & Simeone, 19386], which may have been 
due to a small increase and lengthening of the synaptic potential (cf. the 
effect of eserine on the synaptic potential. Fig. 2). 

The intravenous injection, however, of even such a small dose as 0-2 mg. 
eserine/kg. produces a characteristic change in the ganglionic after-potentials 
set up by repetitive preganglionic stimulation. The N wave is increased and 
prolonged, and the P wave usually prolonged, as is typically shown in Fig. 13 a, - 
b and c. A further dose of eserine accentuates these effects ^particularly 
increasing the duration of the N wave, but, as Fig. 13 a, h and c shows, a 
maximum effect, at least for the A wave set up by brief tetani, is reached 
with a dose as low as 0-6 mg./kg., further increase to above 2 mg./kg. having 
little or no additional action. 
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'Tie gaBglionic action-potentials produced by antidromic stimulation throw 
light on the nature of this eserine action. Eserine even in doses up to 6 mg./kg. 
has no significant action on the antidromic after-potentials recorded from the 
ganglion; hence Eig. 8 shows clearly that the change in the after-potential is 
due to eserine greatly lengthening the synaptic potential set up by the pre- 
ganglionic tetanus — ^up to at least 1 sec.— and this lengthened potential is 
larger with the longer tetani. The increased duration of the synaptic potential 
presumably provides the explanation of the much greater summation observed 
for the synaptic potentials set up by successive stimuli at slow rate's of 
stimulation. For example, in Eig. 136, summation of synaptic potentials with 



Fig. 13. Ganglionic aft«r-pot«ntiala plotted as in Fig. 9 for repetitive preganglionic stimulation 
before (contintious line) and after graded doses of eserine (long broken line, 0-2 mg./kg.; 
shorter broken line, 0-9 mg./kg.; shortest broken line, 3-0 mg./kg.). Stimulation in a at 
130 per sec. for 0-1 sec, (13 stimuli); in b, 12-6 per sec. for 0-8 sec. (10 sUmuli); in c, 81 per 
SCO. for 0-38 sec. (31 stimuli); in d, 81 per see. for 0-75 seo, (60 stimuli); no record taken 
after 0-2 mg. eserine/kg. 


12-5 per sec. for 0-8 sec. has become almost as great as with Eig. 13 a, 
130 per sec. for 0-1 sec,, though before eserinization it showed little or no 
summation. 

It will be seen below that eserine greatly increases and prolongs the after- 
discharge from the ganglion cells. Summation of the P waves set up by this 
continued after-discharge would explain the great increase and prolongation 
of the P wave seen in Fig. 13d with full eserinization, and also in Fio. 13c. 
But after-discharge has never been observed after the few stimuli employed 
in Fig. 13 a, b, where the P wave also appears lengthened. Further com- 
parative investigation with preganglionic and antidromic stimnlation is indi- 
cated. Some experiments differ from those illustrated in Figs. 8 and 13— 
preganglionic stimulation setting np a negative gangUonic potential which 
persists for seconds. Presumably, the eserinized synaptic potential is so large 
and prolonged that it submerges the P wave, ^ 
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In conclusion, all our findings show that eserine acts by increasing tlie 
uration of the synaptic potential, and hence the summation of the synaptic 
potentials set up by successive preganglionic volleys. This effect of eserine 
cannot always be detected after single or double preganglionic volleys, but 
rapi^ y increases with repetitive stimulation. The action of eserine in pro- 
on^ng the P wave is due partly, but probably not entirely, to the after- 
positivities set up by the. successive impulses of the after-discharge. 

3. After-discharge 

By using the nictitating-membrane response as an indicator, it has been 
shown that preganglionic tetanization (40 per sec. for 1-2 sec.) resnlts in a 
prolonged after-discharge (16-60 sec.) from the eserinized superior cervical 
ganglion (Eccles, 1936a]. Rosenblueth & Simeone [19386] recorded occasional 
brief after-discharges — the longest 100msec. On the other hand, Bronk d al. 
[1936] only observed the depressing effect of high concentrations of eserine 
on synaptic transmission, presumably because the frequency of stimulation 
was too low. 

Jig. 14 a shows the invariable effect of progressive eserine dosage 'on the 
after-discharge produced by a brief preganglionic tetanus (132 per sec. for 
0-76 sec.). By the use of very small coupling condensers the after-potentials 
are practically ebminated from the records, but on account of the high amplifi- 
cation the record only becomes visible at the end of the tetanization. The 
very small and brief after-discharge normally present (a few discharges 
ceasing in about 40 msec, in (i)) is increased and prolonged by 0- 1 mg. eserine/kg. 
(ii), and is enormously affected by a further 0-2 mg./kg. (iii). Finally, 1 mg./kg. 
gives an after-discharge no more intense at the start, but continued with no 
sign of diminution during the 1-1 sec. of the record (iv). After 5 or more mg. 
eserine/kg. after-discharges have been observed to continue for as long as 
10 sec. after the end of repetitive stimulation for 0-8 sec. 

Not only does eserine increase and prolong the after-discharge set up by 
rapid repetitive stimulation, but it also causes it to occur with rates too slow 
to give after-discharges from the non-eserinized ganglion. For example, 
Fig. 146 shows after-discharge with 84 and 44 per sec. stimulation for 0-76 sec. 
in the eserinized ganglion (iii and iv), but none normally (i and ii) ; however, 
•27 per sec. for 0-75 sec. still fails to evoke an after-discharge (v). Even slower 
rates of stimulation give after-discharge if continued long enough. For 
example, in Fig. 14c (ii) stimulation at 12 per sec. for 4 sec. (48 stimuli in all) 
gives an after-discharge closely resembling that set up by 60 per sec. for 
0-75 sec. (iii, 38 stimuli in all), while 26 per sec. for 3-8 sec. (iv, 95 stimuli 
in all) gave a much more intense after-discharge. 

Thus, in the fully eserinized ganglion, the number of preganglionic volleys 
is the important factor determining after-discharge — not the rate of stimu- 
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tion v^hick is the criterioTi foi the non-eserinized gangUon (§ B3). The 
lange-over from a' frequency criteriou to a number criterion has been re- 
eatedly observed during progressive eserinization. The critical number of 



Fig. 14. After-dischaigea from stellate ganglion showing effect of varions doses of eserine. In 

а, b arid d arrow in lower left comer shows time of last stimulus, a, stimulation 132 per seo. 
for 0-76 sec. (100 stimuli); (i) before eserine; (u)-fiv) after 0-1, 0-3, 1-3 mg. eserine'/kg. re- 
spectively. Separate potential scale for (iv). Noise level shown by all but initial part of (i). 

б, (i) and (ii) stimulation at 84 and 44 per sec. for 0-76 seo. before eserine, and after 1-3 mg./kg. ■ 
in (Ui) and (iv) respectively; (v) 27 per sec. for 0-76 sec., 1-3 mg. eseiine/hg. Separate potential 
scale for (iii}-(v). Noise level shown by (1), (ii) and (v). c, (i) base-line ; (u)-(iv) after-discharges 
set up by 12 per sec. for 4 sec., 60 per sec. for 0-76 sec. and 26 per sec. for 3-8 sec.-respeo- 
tively. 8 mg. eserine/kg. in all. Hme, 10 msec, d, (i) base-line; (ii)-(iv) after-discharges set 
up by 132 per sec. for 0-75 sec.; eserine, 3 mg./kg. in all; (ii) before, and (iii) and (iv) after 
successive injections of curare, the second dose being twice the first. 


impulses for setting up an after-discharge in the fully eserinized ganglion (at 
least 6 mg./kg.) is about 20 (never less than 14) and is practically independent 
of frequency — frequencies lower than 12 per sec. have not been tried. 

The after-discharge is equally weU observed with post-ganglionic recording, as with ganglionic 
recording, showing that the impulses are propagated normally dlong the postganglionic fibres. 
Kecording from the stimulated preganglionic trunk (the thoracic sympathetic, caudal to the 
third white ramus) showed the presence of an after-discharge closely comparable in all respects 
uith that recorded postganglionically. The foUowing tests, however, on fully eserinized ganglia, 
show that this after'discharge is occurring in postgangUonio fibres, passing from the stellate 

gangUon to the upper thoracic spinal nerves and not back along the stimulated preganelionio 
noTvo fibres. " r & & 

(1) Tetanic stimulation of the thoracic sympathetic caudal to the third ramus communicans 
gives an after-discharge along the third ramus, closely resembling that set up along the post- 
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ganglionic nerve. On the other hand^tetanio stimulation of the third ramus gives ho after- 
discharge in the thoracic sympathetic immediately caudal to it. 

(2) Tetanic stimulation of the thoracic sympathetic trunk, 'immediately below the stellate 
ganglion, evokes no after-discharge in the sympathetic trunk below the fifth ramus. A stimnhH 
applied to the sympathetic trunk, through these recording electrodes below the fifth ramns, 
sets up the discharge of a large spike (0-6 mV.) fiom the stellate ganglion along the cardiac 
nerves, i.e. a large number bf preganglionic fibres ascend to the stellate ganglion fiom below the 
fifth ramus, and yet no after-discharge occurs back along these fibres when their repetitive 
stimulation gives a large and prolonged after-discharge along the cardiac nerves. 

(3) When the cervical sympathetic is tetaniied, large after-discharges are observed in the 
postganglionic trunk of the superior cervical ganglion, but no trace can be detected in the 
cervical sympathetic. 

It therefore appears that the after-disohar^s observed in the third ramus are ocenrring m 
postganglionic fibres from the stellate ganglion. Such fibres have been described anatomioallyt 
and may be demonstrated physiologically. For example, when the thoracic sympathetic w 
stimulated caudal to the third ramus, a spike is observed in the third ramus, after the deUj 
which would be expected for transmission to and fiom the stellate ganglion and synaptio relay 
there. It may therefore be concluded that after-discharge even fiom a deeply esermired sym^- 
thetio ganglion occurs only along the postganglionic fibres. There is no discharge corresponding 
to the impulses backfired up the motor nerve fibres when eserinized muscle has been activated 
by their tetanixation [Maalond & Wigton, 1940; Eocles rf at. 1942J. Correspondingly, acetylcholine 
sets up the discharge of impulses fiom the nerve terminals back along the motor nerve fibres 
[Masland & Wigton, 1940], but no such discharge is observed in the preganglionic nerve fibres 
[Bronk, 1939, Fig. 11]. 

Fig. lid shows that successive doses of curare progressively diminish the 
intensity of the after-discharge from the fully eserinized ganglion, but its 
duration is little affected — for example, there is practically no falling off m 
its intensity during the 1-3 sec. of the record. 

Discussion 

(a) TJie synaptic potential of the curarized ganglion 

Eserine has little or no action on the time course of the 'synaptic potential 
and on the size of the second response at various intervals after the first 
(§ Al); hence summation of two synaptic potentials at different intervals and 
the time course of facilitation [cf. Bccles, 1943, § 5 c] should not be appreciably 
affected by eserine. This has been confirmed with two experiments on the 
curarized stellate ganglion. A similar absence of effect has already been 
described for the action of eserine on the time course of facilitation with 
submaximal responses of the superior cervical ganglion [Eccles, 19356, Text- 
fig. 9], and, since it indicated that cholinesterase did not play a significant 
role in the removal of the synaptic transmitter, it was regarded as evidence 
against the acetylcholine hypothesis of synaptic transmission. 

There is convincing evidence that the synaptic potential is a catelectrotonic 
potential passively decaying in its latter part, and on this basis it has been 
analysed according to Hill’s ‘local potential’ theory [1936] in order to obtain 
the probable time course of the active depolarizing agent produced by the 
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preganglionic volley, i.e. of tlie ‘transmitter-action’ [Eccles, 1943]. The 
electric time constant is determined from the late passive part of the decay 
of the synaptic potential, set up either by a single preganglionic volley or by 
slow repetitive stimulation. A similar analysis may be applied to the esetinized 
synaptic potentials. Since the decay of synaptic potentials set up by a single 
vohcy or by slow repetitive stimulation has been affected little or not at all 
by eserine, it has been assumed that the electric time constant has been 
unaltered by eserine. The possible errors in the analysis have been discussed 
and shown not to be serious [Eccles, 1943]. A similar analysis of the end-plate 
potential gives a' time course for the .transmitter action in good agreement 
with more direct determinations [Eccles ei al. 1941', Kuffler, 1942; Katz, 1942]. 

The single synaptic potentials shown in Fig. 1 were not appreciably altered 
by even deep esermization, so, correspondingly, there is no alteration in the 
time course of the transmitter action. It shows characteristically the large 
initial ‘peak’ passing over to the small, more slowly decaying, ‘tail’ [Eccles, 
1943, Fig. 7]. However, in the plotted curves of the transmitter action in 
Fig. 2 eserine has increased and prolonged the ‘tad’, hnt has had no appre- 
ciable effect on the time comae of the initial ‘peak’. In no experiment has 
eserine been observed to modify the time course of the rise and decay of the 
‘peak’ of the transmitter action, but in several an effect on the ‘tail’ smaller 
than that of Fig. 2 has probably occurred. It was this absence of an eserine 
effect on the initial ‘peak’ of the transmitter action which formed the basis 
of the criticism of the acetylcholine hypothesis (cf . the indirect determination 
of the ‘peak’ action — which 'is there virtually the detonator response — in 
Eccles [19376, Fig. 8]; also Eccles [19366, pp. 367-70, 1937c]). 

Analysis of the decaying phases of the repetitive responses of Fig. 6 a gives 
the courses of transmitter action shown in Fig. 6 c. With such^pid stimulation 
the decay of the non-eserinized transmitter action shows no initial peak, jnst 
. a fairly alow decay for about 0-3 sec. [cf. Eccles, 1943, Fig. Sd], The two 
eserinized responses (broken lines) show a similar fairly slow decay of the 
transmitter action passing over, at about 0-3 sec., to a level from which the 
decay is so slow that it cau be entirely accounted for by the time constant 
of the amplifier. The brief initial ‘peak’, a small phase of intermediate rate 
resembling the ‘tail’, and the final stage of steaddy maintained transmitter 
action may be recognized in the analysis of the response at 37 per sec. (Figs. 
5 (id) and 6c, dotted curve). In the responses of Figs. 3 and 4, analysed in 
Fig. 15, there arc also various combinations of the initial ‘peak’, the inter- 
mediate stage resembling the ‘tad'’ [cf. Eccles, 1943, Fig. 8] and the Wl 
stage of very slowly decaying transmitter action. Again, the time courses of 
the ‘peak’ and ‘tad’ are not appreciably affected by eserine. Thus the effect 
produced by all doses of eserine up to 10 mg./kg. consists chiefiy, and probably 
entuely , mjhe addition of a new prolonged component to the transmitter action. 
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(b) The synaptic potential of the normal ganglion 

As shown above (§ B2) there is good evidence tha^t the N wave set up by 
a single preganglionic volley is largely composed of a negative po > 
homologous with the synaptic potential of the curarized gang on. 
thus an exact analogy with the end-plate potential at 
junction; where (as indicated by antidromic experiments [Ki^er, 
after firing off the muscle spike and being suppressed there y, e en 
potential is again bmlt up by the continuing transmitter action. In tne g 
nerve-muscle-fibre preparation this building up only begins late on tue 
dining phase of the spike; with.the multifibre 

the end-plate potential was observed simultaneously with the sp ^ 
[Eccles & Kuffler. 1941; Bccles e/ oZ. 1941, Fig. 12 , an effect pres^^h y 

attributable to the asynchronism of the mdividual 1936^: 

in the ganghon, though the N wave increases the spike heigh [E , 

Lloyd, 1939], it probably resembles the end-plate potentia 
pressed until late on the declining phases of the spikes o ^ 
gangUon cells, for in such a fundamental reaction nen^e 
sumably would behave similarly (cf. the correspon^g imp j 

[Cole / Curtis, 1939; Katz, 1942]). The duration of 

observed in the curarized preparation ( p^k ^ ^^jeqnate 

foUowed by a ‘tail’ up to SOmsec. duration [Eccles suppriion 

to account for the building up of the synaptic sum 

by the spike. On account of its long time-cour?e the tad action ^ 
during repetitive stimulation, and so be almost exc umve y o 
ducing the large and prolonged synaptic potentials observed after rap 

^rr:;“rntials fonowing repetitive f ^nghom^^J^" 
varying frequency and duration also correspond 

served for the synaptic potentials, with suppressed during each 

ganglion. Assuming that the synaptic poten i PP f ^ tetanic 

fpike potential, then the synaptic potential obsen^ed 

stimulation must ha_^ been built up ’actions. foUowing 

transmitter action. The time courses o +.,rT,;f>nllv in Fia. 15 [of- 

various tetani of the curanzed agreement between the 

Eccles, 1943, Fig. 8]. In curated ganglia and the 

summed ‘tails’ of these trammitter ac i j^ggpopding tetani of normal 

synaptic potentials observed at the ends of P 

ganglia. i 9 „pr sec both the transmitter action 

(i) With slow frequencies, e^g. differ but little from the single 

and the synaptic potential (Fig. < (i)) dm 

response. 
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(ii) As tlie rate is increased, the ‘tail’ of the transmitter action is larger 
and more prolonged, and pari passu the synaptic potential is larger and more 

prolonged (Figs. 7 (iii) and (ii), 9c). ^ , 

(iii) As the deration at any frequency is increased (no durations longer 
than 0-7 sec. investigated) the ‘tail’ of the transmitter action is larger and 
more prolonged, and pan passu the synaptic potential is larger and more 

prolonged (higs. 8, 9a, 6). • -u • 

(iv) The faster the rate (within limits— about 90-130 per sec. is the opti- 
mum) of a given number of stimuli, the larger the tail of the transmitter 
action, and the larger the synaptic potential (Fig. 9c). 




Pig. 16. Transmitter-action curves for potentials plotted in Fig. d. Zero time corresponds to 
last stimulus of the repetitive series, a, 140 per see. for 0-7 sec.; b, 84 per sec. for 0-7 see.; 
£, 28 per sec. for 0-7 sec.; d, 55 per sec. for 0-35 sec. Arbitrary scale for ordinates. 


The small change produced by eserine in the synaptic potential, normally 
set up by a single nerve volley (Fig. 8a), corresponds well with the smaK 
change in the enrarized synaptic potential (Figs. 1, 2). However, with slow 
repetitive stimulation eserine produces a large increase in the normal synaptic 
potential (cf. Fig. 136, 12-5 per sec. for 0-8 sec.), and yet no appreciable 
action on the curarized synaptic potential (Fig. 3 (v), 13-5 per sec. for 0-7 sec.). 
With the neuro-muscular junction, also, the eserine action was much more 
striking on the normal than on the curarized potentials [cf. Eccles et al. 1942 
Figs. 4, 5]. 

The changes often observed in tbe concurrent P wave prevent an accurate 
determination of the extent to which eserine lengthens the synaptic potential 
(but see Fig. 8d). In those experiments, however, where the eserinized 
synaptic potential has been so large that it has submerged the P wave, it has 
persisted for seconds. Hence it is possible that, as with the enrari^ed re^ 
spouses, eserine produces its effect on the synaptic potential of normal gangUa 
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solely by adding a prolonged component, not normally present. Tbe prolonged 
after-discbarges from all eserinized ganglia (§ C3) provide additional evidence 
tbat the duration of the synaptic potential is prolonged to several seconds. 

(c) The spike respoTise of the ganglion 

As the stimulation frequency is raised the brief initial peak of transmitter 
action in the curarized ganglion becomes smaller and eventually disappears 
(cf. Fig. 16c, 6, a). With frequencies over 100 per sec. there would also 
be some fusion of the ‘peaks’ produced by successive impulses. Thus, up to 
about 100 per sec. — even higher rates for very short intervals [cf. Fcdes, 
1943, Fig. 8d] — the transmitter action would show a separate ‘peak’ for 
every stimulus, and the slower the rate the higher the ‘peak’. There is there- 
fore a remarkable correspondence between, on the one hand, the stimulation 
frequency and this peaked fransmitter-action curve of the curarized ganglion, 
and on the other hand, the following of stimulation frequency by normal 
ganglionic discharge (Figs. 7, 12). There "would seem to be no doubt that a 
ganglion can discharge at the stimulation frequency only so long as the 
transmitter-action curve shows sufficiently large and discrete ‘peaks’ at this 
frequency. Moreover, eserine has but little effect on the 'peaks’ of the 
curarized transmitter-action curve, at least for short tetani (Fig. 16), and 
correspondingly it has no appreciable action on the transmission through the 
ganglion of the stimulation frequency (§ Cl, Fig. 12). 

(d) After-discharge 

In the normal ganglion, after-discharge occurs after tetani have built up 
a large synaptic potential (§ B3), which, as we have seen, is due to the 
transmitter action accumulated by the rapid repetitive stimulation. The fre- 
quent appearance of after-discharges when the ganglion remains relatively 
positive during the summed synaptic potential may be taken to indicate that 
the after-discharge is not simply set up as a consequence of depolarization of 
the whole surface of the ganglion cells. If the depolarization only occurred 
in focal areas, the integrated potential that is recorded by the present methods 
could be positive. Again, it seems unlikely that the very prolonged after- 
discharges following prolonged stimulation [27 sec. in Bronk, 1939, Fig. 7], 
could be set up merely as a consequence of a maintained catelectrotonus, for 
there is a rapid accommodation to the synaptic potential [cf, Eccles, 1943, 
Fig. db]. Presumably, such long after-discharges are due to a prolonged 
negative potential set up by the continued action of some liberated substance, 
e.g. acetylchob’ne or K ions [cf. Bronk, 1939]. 

' The striking effect of eserine in inei;easing and lengthem'ng the after-dis- 
charge, and in causing it to appear with relatively slow rates of stimulation 
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(e.g. 12 per sec.), obvioiisly is related to the great lengthening of transmitter 
action observed vrith the synaptic potentials— both may persist for as long 
as 10 sec. after repetitive stifiitdation fox less than 1 sec. 


(e) The transmitter action and acetylcholine 

In gerferal these experiments have given striking support to the hypothesis 
dividing the transmitter action into short and long components of different 
type [Eccles, 1937 c, d]. The long transmitter action -would include both the 
‘tail’ action and the very prolonged action found in the eserinized ganglion. 

There can be no doubt that the very prolonged transmitter action -which 
appears in the eserinized ganglion is due to acetylcholine -which is rapidly 
destroyed by cholinesterase in the non-eserinized ganglion. After a short 
preganglionic tetanus this prolonged action of ace-tylcholine (for several 
seconds) is observed equally -web in the curarized gangbon as a synaptic 
potential, and' in the normal gangbon as an after-discharge — and sometimes 
as a prolonged negative potential. It is to be noted that Lorente de No [1938] 
and Macintosh [1938a] only occasionaUy succeeded in demonstrating the 
bberation of [ust detectable amounts of acetylchobne from the activated and 
foUy eserinized superior cervical gangbon -when it was perfused with blood. 
The present results give e-vidence for this bberation in every experiment. 
Further, the maximum action appears to be attained -within a smaU fraction 
of a second after the last ptegangbonic impulse, there being no evidence for 
a delayed production [cf. Lorente de No, 1938]. Again, there is no sign that 
-with repetitive stimulation the concentration of acetylcholine reaches a level 
at which it exerts a paralytic action, a compbcation which was suggested by 
Brown [19376] and Eosenblueth & Simeone [19386], even for the resporise to 
a single ptegangbonic voUey. 


The prolonged synaptic potential is observed after a very few stmiub (5 in 
Fig. 66; and possibly even one in Figs. 2 and 8 a), but the after-discharge has 
never been observed with fewer than 14 stimuli. This discrepancy is -to be 
expected, because acetylcholine has to attain a threshold concentration in 
order to set up a discharge of impulses from the gangbon ceb or the motor 
end-plate [Feldberg & Yartiainen, 1934; Govaerts, 1936; Bro-wn, Dale & 
Feldberg, 1936; Brown, 1937 a; Kufder, 1943 a], whereas no threshold con- 
centration is obserrmble for its depolarizing action at the motor end-plate 
[Kufflet, 1943 a]. Ybien a steady concentration of acetylchobne is perfused 
through the stebate gangbon, Bronk'[1939] has observed a discharge of 
impulses continuing for minutes with no sign of accommodation; hence the 
prolonged after-discharges would be set up by acetylchobne regar^ess of the 
rapid accdmmodation of the gangbon to a continued catelectrotonus It 
would seem, therefore, that the prolonged depolarization set up by nersmtinv 
acetylcholme differs from that occurring at the cathode of a constant current 
ru. era. 
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This difTeronce is probably attributable to a direct action of acotylcholine on 
the surface membrane, for example, lowering its impedance [cf. Katz, 1942], 
the local depolarization and the consequent discharge of impulses being both 
secondary to this action. 

Eserine has no appreciable action on the ‘peak’ fraction of the transmitter 
action in the normal ganglion (§ Cl), but the P wave prevents discrimination 
between any action it might have on 'the ‘tad’ and the above prolonged 
transmitter action. It will bo assumed henceforth in the discussion that, as 
.with the curarized ganglion, eserine has no appreciable action on the time 
course of either the ‘peak’ or the ‘tail’ fractions of the transmitter action 
{Figs. 6c, 16). In other respects, however, the ‘peak’ and the ‘tail’ fractions 
stand in sharp contrast. 

(i) The duration of the ‘peak’ is brief (summit in 2'0-3-5m8ec., total 
duration about 10-18 msec.) and- is not appreciably altered by repetitive 
stimulation; the duration of the ‘tail’ is longer, about 50msec. for a single 
response, and it is greatly lengthened by stimulation — up to at least 0-3 seo, 
after 100 stimuli at 14.0 per sec. 

(ii) The ‘ peak ’ is largest with single stimuli, or stimuli at very low fre- 
quencies (10 per sec. or less); the (tail’ is smallest after single stimuli or 
stimuli at very low frequencies. 

(iii) With faster rates of stimulation the ‘peak’ rapidly declines after tbo 
first few stimuli (it is usually largest with the second), and with rapid stimu- 
lation it eventually becomes very small (Fig. 166) or even unrecognizable 
(Figs. 6c, ,15a); the ‘tail’ builds up with rapid stimulation and within limits 
(cf. Fig. 16a, 6) is larger the faster and more prolonged the stimulation. 

Thus, with repetitive stimulation, the ‘tail’ transmitter action shows just 
that summation, increasing both intensity and duration, that would, be 
expected for a transmitter substance liberated by the preganglionic terminals; 
on the other hand, the ‘peak’ transmitter action shows just the reverse 
behaviour. 

In fact, the ‘peak’ action corresponds closely with the action which would 
be exerted if the preganglionic impulses also acted ns electrical stimuli of the 
ganglion cells. Thus, under all conditions, the duration of the ‘peak’ action is 
sufficiently brief, for temporal dispersion of the incident preganglionic im- 
pulses would make the aggregate action considerably longer than the action 
current of a single preganglionic imimlso. Again, the falling off in size of the 
‘peak’ action with rapid repetitive stimulation would be portly due to the 
smaller size of the preganglionic impulses and, partly, to the background of 
depolarization ^uoduced by the summed action of the preceding impulses. 
In this connexion it is important to realize that the peak action is measured 
solely by its cfTcctivcncss in producing ndditional dopoinrization. That, in the 
central nervous system, some mechanism of synaptic transmission exists other 



61 


' SYNAPTIC TRANSMISSION IN GANGLION 

than acetylclioliiie has been indicated by the finding of Macintosh [1941] that 
the concentration of extractable acetylcholine is negligibly small in some areas 

of the grey matter. _ 

The action of curare in diminishing the 'peak’ action may be regarded as 
evidence against its electrical genesis, for such doses of cura're would have 
little or no action on the electrical excitability and response [cf. Eromherz, 
1933]. However, it has now been shown that the specific action of curare in 
ctiminishing ■ the acetylcholine sensitivity of muscle is exerted only on the 
acetylcholine sensitive end-plate region [Kuffler, 1943 a]. The electrical ex- 
citability of this region or of the synaptic regions of ganglion cells has not yet 
been tested before and after curarization. 

Evidence against electrical transmission was recorded by Copp6e & Bacq 
' [1938], who stated that during preganglionic degeneration, synaptic trans- 
mission failed when acetylcholine had largely disappeared from the ganglion 
. [ilacintosh, 19386], but before failure of transmission in the preganglionic 
fibres. However, their Eig. 2C shows that synaptic transmission was still 
present, for the negative gangbonic potential they record (and attribute to 
the preganglionic volley) seems indubitably to be a synaptic potential. If 
that is so, the small preganglionic voUey shown in their Fig. 2B produced a 
transmitter action, setting up a local synaptic potential of some ganglion 
cells, which was below threshold for setting up the discharge of impulses. 
Histological examination has shown that, during preganglionic degeneration, 
synaptic transmission fails when the pregangbonic nerve terminals {boutons 
terminaux) show a complete break-up of their structure [Gibson, 1940]. It 
may be concluded that degeneration studies have not given significant pupport 
to either the electrical or chemical theories of synaptic transmission. 

If the ‘tail’ action is due to acetylcholine, this acetylcholine must be re- 
moved by some eserine-resistant mechanism, for example, resynthesis to its 
precursor [Macintosh, 1938a]. Further, in the non-eserinized' ganglion cholin- 
esterase must function at a different locus, otherwise after eserine inactivation 
of the cholinesterase this eserine-resistant mechanism would automatically 
take over the removal of all the acetylcholine, and no prolonged transmitter 
action would be observed. On that view, the cholinesterase must therefore 
be more peripherally located relative to the site of liberation and action of 
the acetylcholine, only destroymg that acetylcholine which has diffused away 
(cf. the ‘barrier action’ of cholinesterase suggested by Feldberg & Vartiainen 
[1934], Macintosh [1938a], Eccles ef al. [1942]). This ‘barrier action’ of cholin- 
esterase accords well mth the effects of progressive eserine dosage (cf. Fig. 6 a) 
in causing an increase in the prolonged action, rather than a progr^sive 
slowing of its time course; as the barrier of cholinesterase is progressively 
more inactivated, more acetylcholine passes the barrier, and then having 
escaped, is able to persist without any appreciable further destruction by 

4—2 
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cholinesterase. Eserine was fotmd to cause in the normal 
synaptic potential with fewer stimuli and slower frequencies (§ ) » 

tie curarLd gangUon (§ A2). This effect of curare in c— ctmg tb 
appearance of the prolonged transmitter action was very strdong with neei 
muscular transmission, and extensions of the hypothesis m r^ar o 
‘barrier action’ of cholinesterase were suggested in cse ex- 

other features of curare-eserine antagonism [Eccles et al. h 
tensions could also be applied to the ganglion. 

In summary, the foUowing hypothesis of synaptic 
in accordance with the experimental evidence, though many o 
explaiiations could be devised. A preganghonio t 

polarizing action on the ganglion cell by the direct effect of its a 
(the ‘peak action’). Superimposed on this depolanzmg ac ion ^ 
ginning, and long outlasting it, is the ‘tail action’ due to the hbera J 

Sne (and poLibly other substances such ^ K ions, cf. ' 

The acetylcholine is-removed from the locus of action by some^e 

mechanism such as resynthesis to its precursor, but a o ^ wgrolysed. 
to the surrounding barrier of cholinesterase, ^ ^ ^ P ^ 

Eserine inactivates 'this barrier and the acetylc 0 e is ® ^ 

along the surface membrane and exert an action persistmg 
discharge, either in the normal or eserimzed ^nghon, is np 7 
preganglionic stimulation when the acetylcholme (or other excitmg 
of the ‘tail’ action) accumulates above a threshold concentra ion. 

Summary 

1. Eserine he. little or no action on the 

or donble piegenglionic ^lleye eet np in the "X°i.„ged in 

The synaptic potentials produced by pregang om -notential built up 

- one respect by eserine-the addition of a P^f (by 

, dming L etLletion. end, on ce».tion of rt.md.rion >»>‘6 
' Boeerfl second.) the decking phase of the normal STa.pt.o potential, wh 

can still be observed superimposed on it tetanizstion has 

2. The effect of frequency and duration o p ^ ® normal 

been observed on the responses (spike an a 

ganglion. Comparison with nglionic stiLation, there is 

dromic tetamzation has shovm that, ^ ^ fi^Uguperiraposed on the early 

an additional negative wave (a synap c p _^ ^ 

part of the after-potential. A smg p . (about 10 per sec.), it 

synaptic potential, and, with s ow ra ® ^ (50-140 per sec.) it sums 

remains smaU; but with rapid rates of the positive after- 

up to a large potential, bemg initia y . ^ ^ this summed synaptic 

potential in some expenments. In all experim 
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potential can be sufficiently large to set up after-discharges from the ganglion' 
cells, which may persist for as long as 0-3 sec. 

3. Eserine has no appreciable action on the ganglionic after-potentiab set 
up by antidromic stimulation, but, as in the curarized ganglion, it greatly 
lengthens the superimposed synaptic potential set up by preganglionic stimu- 
lation. Hence, summation is observed with much slower rates of stimulation, 
and there is a greatly prolonged (10 sec. or more) and intensified after-discharge 
with even less than one second’s tetanization. 

4. Analysis of the synaptic potential, according to the local potential 
theory, shows that the eserine effect is due to the production of a prolonged 
transmitter action without modifying the ‘peak’ and ‘tail’ transmitter actions 
normally present. This prolonged action is undoubtedly due to acetylcholine 
which normally is rapidly removed by cholinesterase. The properties of the 
‘tad’ action show it to be due to a substance liberated by preganglionic 
stimulation, but not removed by cholinesterase. On the other hand, the brief 
‘peak’ action (10-18 msec.) accords well with the direct electrical excitatory 
effect produced by the action currents of the preganglionic impulses. 

The author wishes to thank the National Health and Medical Kesearch CJonncil of Australia 
for equipping and maintaining the workshop in which most of the apparatus was made, and 
also Merck Ino., U.S.A., for kindly donating the very high potency curare that was used 
throughout this investigation. 
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THE ACTION OF ADRENALINE ON TRANSMISSION 
IN THE SUPERIOR CERVICAL GANGLION 

By EDITH BULBHIHG, From the DepaHment of Pharmacology, Oxford 
(Received 5 November 1943) 

The present investigation has its origin in ivork of recent years in 'which it 
was observed that adrenaline sensitizes structures normally stimulated by 
acetylcholine. In skeletal muscle adrenaline potentiates the action of acetyl- 
choline [Dale k Gaddum, 1930; Bulbrmg & Burn, 1942 a], and it improves 
the transmission of motor nerve impulses at the neuio-mnscular iunction 
[Orbeli, 1923; Bhlbring & Burn, 1940]. In the spinal cord the discharge of 
motor impulses following an injection of acetylcholine is facilitated and almost 
dependent on the presence of adrenaline. This may be explained by a lowering 
of threshold for stimuli reaching the motor nerve cell, since a sunilar facili- 
tating action of adrenaline was seen on the flexor reflex [Bulbring & Bum, 
1941]. The third site of action investigated was the sympathetic ganglion. 
Though Marrazzi [1939] had observed only an inhibitory effect of adrenaline 
at sympathetic synapses, Biilbring & Bum [19426] obtained evidence that 
adrenaline affected nervous transmission in sympathetic ganglia, according 
to the dose administered. In perfusion experiments in dogs, the concentration 
of adrenaline in the circulation supplying the lumbar sympathetic chain was 
changed, without changing it in the responding organs which were the vessels 
of the hindleg, and it ■was found that small doses of adrenaline augmented 
ganglionic transmission, whereas large amounts depressed it. Results con- 
sistent with this observation were obtained in the whole animal: the pressor 
effect produced by splanchnic stimulation as well as the pressor effect due to 
the ganglionic action of acetylcholine was modified by adrenaline. 

The logical step after this e-vidence was to see what effect adrenaline would 
have on the isolated 83 mpathetic ganglion. Kibjakow [1933] was the first to 
perfuse the superior cervical ganglion of the cat, and, 'in the course of his 
study concerning the humoral transmission of preganglionic impulses, Ke made 
the observation that reinjection of the perfusate, collected during a prolonged 
stimulation, lowered the threshold to stimulation. This lowering of the thres- 
hold could be produced, not only in the gangUon from which' the perfusate 
had been collected, but also in the ganglion of the other side which had been 
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at rest. The effect lasted for 20-30 min., after which time the threshold rose 
again to its normal value. 

In 1932 Iwanow published a review on the chromaffine and interrenal 
system of man in which he mentioned nests of chromaffine cells in sympa- 
• thetic ganglia, and expressed the possibility of ‘a local secretion of some 
substance which might act on the sympathetic synapse as its own stimulant 
or tonic ’4p. 168 translated). In 1890 Smirnow, studying sympathetic ganglia 
of Amphibia, had shown that such chromaffine cells are innervated by nerve 
~ fibres which were otherwise indistinguishable from those which run to sympa 
thetic nerve cells lying with them. Kohn [1903] foimd chromafiine tissue m 
sympathetic ganglia, particularly frequently in cats. It was Stohr who m 
1939 emphasized once more the presence of such ‘Nebenzellen in autononuc 
ganglia in man, lying in a network of fine nerve fibres and apparently con 
nected ■with the preganghonic fibres. Glees [1942] showed that similar roun 
cells are present in the superior cervical ganglion of the cat, lying c ose y 
around the actual ganglion cells. That these small cells show a chroma ne 
reaction could be seen in histological preparations of several superior cervica 
ganglia of cats which Mr E. H. Leach very kindly did for me. 

The experiments to be described are concerned with the action of adrena e 
on the perfused superior cervical ganglion of the cat, stimulated either t oug^ 
its preganglionic nerve or by injecting acetylcholine. In ■view of Kibjakow s 
original observation and the histological e'vidence of chromaffine tissue m 
sympathetic ganglia, which might be of physiolo^cal importance, the per^ 
fusate from the ganglion was collected during stimulation and teste 
adrenaline-like properties. 

Methods 

Cats were anaesthetized ■with chloralose. One 'superior cervical ganglion wa 
perfused ■with Locke’s solution using a small pump described by Mac n o 
[1938]. All blood vessels coimecting the ganglion with the rest of the o y 
were tied, and the only connexion with the cat was formed by the ner 
fibres lea'ving the ganglion and containing the postganglionic fibres to 
nictitating membrane, the contractions of which were recorded. v ■ a 
• The cer'vical sympathetic was cut and stimulated, ■with a pair of s e 
platinum electrodes, by condenser discharges of varying frequency rom 

neon lamp circuit. • . c j -t-v. 

All injections were made into the arterial cannula which was tte 
small rubber cap like that used by Gaddum & Kwiatkowski [1938] m ra i 
ear perfusions: a small air bubble underneath the rubber cap serves as an 
air cushion, preventing any change in perfusion pressure w i e t e mjec ion 


For the experiments in which the venous perfusate from the ganglion was 
ted for aS^snaline-like properties, the Locke’s solution had to be shghtly 



ADRENALINE ACTION ON GANGLIONIC TRANSMISSION 5T 

modified. It -^ras found that, in spite of atropine, the peiJusate coUect-ed durmg 
prefiangHonic stimulation had an inhibitory effect on the &og heart, and a 
leakage of potassinin from the ganglion nras thought to be the possible cause 
[Vogt, 19S6]. The Locke’s solution for the ganglion perfusion in these experi- 
ments -rras therefore prepared vdth only half the amount of KCl (0-2 g. in 
1000 C.C.). The solution contained also only one-third of the usual amount of 
bicarbonate (0-15 g. NaHCO^ in 1000 c.c.), to render it less alkaline and thus 
to preserve any adrenaline liberated from the ganglion. 

For the estimation of adrenaline in the venous perfusate four different 
methods "svere employed: 

(1) The perfused frog heart. A. method similar to that described by Tiegs 
[1934] -was used. One cannula vras tied into the -vena cava and another 
cannula into the left aorta, the right aorta being tied. Emger’s solution from 
a Mariotte bottle entered the heart under a constant pressure head, and the 
arterial outfloiv tube was fixed at a constant height of 4 cm. above the level 
of the heart. The apes of the heart was attached with a fine silk thread. to 
a long, fight straw lever writing on a smoked drum. The whole heart pre- 
paration was submerged in a dish with Einger’s solution just covering it, and 
the ilariotte bottle was kept at such a level that the output of the heart was 
one drop per beat. This position was maintained throughout, starting about 
4 hr. before any samples were tested. Injections of 0-25 c.c. of perfusate or 
known adrenaline solutions were made close to the venous cannula through 
a rubber cap into a small air bubble, thus preventing pressure changes as 
described above. Atropine 1 in 100,000 was added to the perfusion fluid in 
order to prevent any depression of the heart by the liberation of acetylcholine 
from the ganghon. ^ 

(2) The isolated pigeon’s rectum. As ffesh material for a hen’s rectal caecum 
preparation [Gaddnm, Jang & Kwiatkowski, 1939] was nnobtainable, pigeons 
were tried. The caecum in these birds is only a.very small appendix on each 
side of the rectum, and about 5 cm. of the rectum itself was therefore sus- 
pended in an isolated organ bath of 7 c.c. capacity. Spontaneous movements 
were often very irregular, but with a good preparation a clearly graded response 
to different concentrations of adrenaline could he obtained. Atropine was 
given in order to avoid obscuring any relaxation produced by adrenaline with 
a contraction due to release of acetylcholine from the ganglion. 

(3) Fluorescence. Gaddum & Schild [1934] have described a method for 
detecting adrenaline by using the bright apple-greeu fluorescence which 
appears during the first minute after adding to a given solution one-tenth of 
the volume of 5iV KaOH. This method was found to he very sensitive. The 
difference in appearance between a solution containing 1 in 1000 nfiiiion 
ndmualme and one containing nO adrenaline was quite distinct. Samples of 
perfusate from tbe ganglion were compared with known adrenaline solutions 
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1000 Locke’s solution and ranging from 1 in 100 to 1 in 

suffidently senT'^”^^^ ’method for estimating adrenaline [1938] waB not 
was used in quantitative assay. The qualitative ‘specific test’ 

later ones. ^ experiments, but the method was not used in the 

Results 

ne action of^renaline on the effect of submcmmal stimuli . 

maxima] sympathetic nerve was stimulated with constant sub- 

rXie " 2 or 3 min. the nictitating 

were 7 Tif>r contractions of equal size. These contractions 

whilp +li y Mjecjting a small dose of adrenaline into the perfusion fluid, 

result ^ ^ere ecreased by larger doses. Several factors influenced the 



ganglion. Record of contraotionB of 
TvTlZ “ '^.Pnnoe to submaiiMal preganglionic atimnlation, for 10 bcc. at 

For details sc^ ^^e™‘‘°^Uon by small dose and depression by largo dose of adrenaline. 


sua y, doses of O-I fig. adrenaline or less produced an augmentation and 
arpr oses a depression. The largest dose which increased the effect of stimu- 
p mn was 0-3 pg. adrenaline; on the other hand, a dose as small as O-Olpg. 
a enaline once caused a depression which was, however, followed by an 
augmentation. These variations in sensitivity appeared to be due to differences 
m the rate of flow, which varied from 0-6 to 1-5 c.c. per min. in different ganglion 
perfusions. Thus, a given dose of adrenah'ne was comparatively large for one 
preparation and small for another. The effect of three different doses of 
adrenaline is illustrated in the experiment shown in Fig. 1. The cervical 
sympathetic nerve was stimulated at 3 min. intervals. In each section of the 
tracing one contraction before, one contraction 5 min. after the dose of 
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adrenaline and one contraction 12 min. later axe sto^. An augmentation 
followed 0-1 fig. adrenaline, a smaller effect was seen after 0-3 fig., and a 
depression was caused by 0*5 fig. adrenaline. 

Tbe augmentor effect of adrenaline was obtained with slow rates of stimu- 
lation obly. Wben tbe nerve was stimulated more tban 8 times per sec. small 
doses of adrenaline had no effect, and depression was the sole result of larger 
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Fig. 2. Preparation as Fig. 1. Upper tracing shows eTCir other contraction of nictitating mem- 
hrane to 10 sec. stininlation at 2 per sec. every 3 min. Time given underneath. The augmen- 
tation produced by adrenaline lasted 20 min. Lower tracing shows contractions caused by 
stimulation at 2 min. intervals. An initial depression is followed, after 7 min., by prolonged 
augmentation (8 min. interval between last two contractions). 


doses. With stimulation at rates of 1, 2 or 6 per sec., doses of O-Ol-O-Oofig 
adrenaUne readily increased the contractions of the nictitating membrane. 

In Fig. 2 two tracings are given to illustrate the great variation from esperf 
ment to experiment in the response to adrenaline. The rate of stimulation 
was 2 per sec. m both. In one experiment 0-1 fig. adrenaline caused an augmen- 
tation ^vhich lasted for 20 mm. In the other a 10 times smaller dose 0-01 im’ 

caused a transitory depression foUowed by an augmentation which ’appeared 
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7 min. after the injection of adrenaline, and had not quite passed off 14 min. 
later. 

The vasoconstriction produced by adrenaline had usually subsided before 
the contractions of the nictitating membrane returned to their original sire. 


■5 



Fig. 3. Freparation as Fig. 1. Stunnlatlon at 6 per sec. every 2 min. Figures are venous outflow 
drops per min. At arrow 0-01 /rg. adrenaline. Between (A) and (B) 4 min., between (B) 
and (C) 14 min. Note that the increase of contractions outlasts vasoconstriction. 
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Fig. 4. Preparation as Fig. 1. 10 sec. preganglionic stimulation at 0 per sec. every 3 min. 
Prolonged augmentation of response caused by perfusing the ganglion for 13 min. with 
Locke’s solution containing adrenaline I in 200 million (A) before, (B) during, (C) after 
adrenaline perfusion. 

In Fig. 3 is shown the effect of 0-01/xg. adrenaline on transmission of sub- 
maximal stimuli at a rate of 6 per sec. The flow was reduced from 29 to 23 
drops per min. When the flow had returned to normal the effect of stimulation 
was still increased, the increase only disappearing 24 min. after the administra- 
tion of adrenaline. 
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The addition of adrenaline to the perfusion fluid in a concentration of 
1 in 100 to 1 in 200 million had effects similar to those obtained by single in- 
jections. Tig. i shores the increased contractions of the nictitating membrane 
erhen adienahne, 1 in 200 million, rvas added to the perfusion fluid. This was 
allowed to pass through the ganglion for 13 min. The potentiation of the 
stimulating effect-, however, outlasted the adrenaline perfusion for over 20 min. 


Aft. t 

30' !• A- r 3c- ‘15*.- 13’ ‘7 iT 

Rg. 5. Preparation as Pig. 1. Besponse of nictitating membrane to acetylcholine injected into 
the ganglion circmt. Prolonged Bogmeatation produced by adrenaline; times since injection 
given underneath. 

When perfusion of the ganglion with Locke’s solution, containing adrenaline, 
was continued for 20 min. or longer augmentation was followed by depression, 
the effect of stimulation declined, and no recovery could he observed when 
perfusion was continued without adrenaline. When, moreover, adrenaline was 
added in higher concentrations than 1 in 100 million, the response to stimu- 
lation was depressed either without or after a very short- augmentation. 
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Fig. 6. Preparation as Fig. 1. Twofold effect of adrenaline cm the response of the nictttating 
membrane to acetylcholine injected into the gangjioa cimat. See text. ^ 

The adion of adrenaline on the response to acetylcholine 

The contetctions of the nictitating membrane in response to injections of 
cetylchohne mto the ganghon circuit were influenced by adrenaline in the 
- me way and by doses of the same order as those which modified the effects 
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7 min. after the injection of adrenaline, and had not quite passed ofi 14 hud, 
later. 

The vasoconstriction produced by adrenaline had usually subsided before 
the contractions of the nictitating membrane returned to their original size. 



Fig. 3. Preparation as Fig. 1. Stimulation at 6 per see. every 2 min. Figures are jgj 

drops per min. At arrow 0-01 pg. adrenaline. Between (A) and (B) 4 min., 
and (C) 14 min. Note that the increase of contractions outlasts vasoconstnotion. 
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Fig. 4. Preparation as Fig. 1. 10 sec. preganglionic stimulation at 6 l»r sec. every 
Prolonged augmentation of response caused by perfusing the ganglion for 1 nim. 
Locke's solution containing adrenaline 1 in 200 million (A) before, (B) during, 
adrenaline perfusion. 


In Fig. 3 is shown the effect of 0-01 ptg. adrenaline on transmission of sub 
maximal stimuli at a rate of 6 per sec. The flow was reduced from 29 to / 
drops per min. llTien the flow had returned to normal the effect of stimulatrnn 
was still increased, the increase only disappearing 24 min. a ter t e a mis 


tion of adrenaline. 
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aow ^as aeain teanced br 30°{,. -but the contractions decreased in size and 
continued to decline wMe the vasoconstriction disappeared. A second dose 
of adrenaline produced a partial recovery. 

Adrenaline-like properties of the venous perfusate from the ganglion 
In these experiments the preganglionic nerve vas stimulated majiinally at 
a rate of 6 or 8 per sec. for 10-15 min. During this' prolonged stimulation 
either very little or no reduction in flovr nras observed ; in one experiment the 
dovr became faster during stimulation. 

Tenons perfusate teas collected before, during and after stimulation. 
Samples were tested by different methods for their adrenalme-hke activity 
bv comparins their effects with those of known solutions of adrenaline. 



Fig. S. PerfiiHrd &r-g tearr. Asssr of gangEon perfosate. C =rnjecticm of 0-2g c.c. psrfnsate 
coIl*c;ed before gtfnmhtioa; ft', after 7 min, ctimniatioa; Cj'. Cj' and Cj.', 1, 5 and 12 mtn 
after end of stimnlavon. 


Tine experiments were performed in this way. In two experiments the 
nictitating membrane did not maintain its contraction d uring stimnlation. 
The perfusate of one of these showed no activity by any of the four tests, 
and the peifosate of the other failed to stimnlate the frog heart, although a 
trace of activity was found on the pigeon’s rectum: it also showed some 
fiuorescence of an intensity between that of an adrenaline solution 1 in 
SOO and 1 in 1000 million. Such a figure was sometimes found in control 
samples. 

In six of the remaioing seven experiments samples were assayed on the 
frog heart, comparing them with adrenaline. In all these expei^ents the 
samples collected during preganglionic stimnlation stimulated the frocr heart. 
In five of these experiments the fluorescence test was applied. It was ^sitive. 
and. when compared with adrenaline, the concentration was found to agree 
with that found on the frog heart. In the same five experiments the per- 
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stimulation. Thus, Fig. 6 shows the augmentation by 
f 9 n^" response to lOpg. acetylcholine. The effect lasted 

or min., rapidly passing off during the last 4 min. In Fig. 6 a larger defee 
\ ® transitory augmentation, depressed the effect of acetyl- 

c 0 e , the contractions of the nictitating membrane returned to their foimei 
size within 15 min. 

Changes in perfusion pressure from 100 to 160 mm. Hg did not change tbe 
sme 0 the contractions elicited by acetylcholine, but they altered the duration 
o each contraction. Since, with the lower pressure, the flow was slower, tbe 

response to a given dose of acetylcholine was prolonged but not decreased in 
amphtude. 

The action of ■pituitary posterior lobe extract on the effect of 
preganglionic nerve stimulation and of acetylcholine 

In order to see whether the vasoconstrictor action of adrenaline was re- 
sponsible for the facilitation of ganglionic transmission, the action of pituitary 
po^erior lobe extract was studied. Pituitary extract had a strong vasocon- 
stnetor action on' the vessels of the ganglion. After doses of 0-001 unit, or 

■’H 
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Fig. 7. Preparation as Fig. 1. lo sec. preganglionic Btimniation at 6 per sec. every 3 nun. 
Fipres are venous outflow drops per min. Between (A) and (B) 18 min., betiveen (B) and (C) 
15 min. The augmentation produced by adrenaline is shown in (A) and -(C), the depression 
caused by pituitary (posterior lobe) extract is seen in (B). 

iMre,^ the flow gradually stopped, and preganglionic stimulation became iu- 
e ectiye. Therefore, doses sufficiently small to cause a short lasting vaso- 
constriction only were chosen. They invariably depressed the effects of 
preganglionic stimulation and of acetylcholine. No dose of pituitary was 
found which increased transmission. In the experiment of Fig. 7 the effect 
of 0 0004 umt pitmtary posterior lobe extract was compared with the effect 
of 0-01 prg. adrenahne. Adrenaline caused at first a 60 % then a 30 % reduction 
in flow -with an increase in the contractions of the nictitating membrane. 
After the flow had returned to normal pituitary extract was injected. The 
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flow was again reduced by 30%, but tbe contractions decreased in size and 
continued to decline while tbe vasoconstriction disappeared. A second dose 
of adrenaline produced a partial recovery. 

Adrenaline-like properties of the venous perfusate from the ganglion 

In these experiments the preganglionic nen'e was stimulated maximally at 
a rate of 6 or 8 per sec. for 10-15 min. During this' prolonged stimulation 
either very little or no reduction in flow was observed; in one experiment the 
flow became faster during stimulation. 

Venous perfusate was collected before, during and after stimulation. 
Samples were tested by different methods for their adrenaline-like activity 
by comparing their effects with those of known solutions of adrenaline. 



Fig. 8. Perfused frog heart. Assay of ganglion perfusate. C= injection of 0 25 o.c. perfusate 
collected before stunulatiqn; 5,', after 7 min. stimulation; C,', C,' and C,j', 1, 6 and 12 min. 
after end of stimulation. 


Niue experiments were performed in this way. In two experiments the 
nictitating membrane did not maintain its contraction during stimulation. 
The perfusate of one of these showed no activity by any of the four tests, 
and the perfusate of the other failed to stimulate the frog heart, although a 
trace of activity was found on the pigeon’s rectum; it also showed some 
fluorescence of an intensity between that of an adrenaline solution 1 in 
800 and 1 in 1000 million. Such a figure was sometimes found in control 
samples. 

In six of the remaining seven experiments samples were assayed on the 
frog heart, comparing them with adrenaline. In all these experiments the 
samples collected during preganglionic stimulation stimulated the frog heart. 
In five of these experiments the fluorescence test was applied. It was positive 
and, when compared with adrenaline, the concentration was found to agree 
with that found on the frog heart. In the same five experiments the per- 
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fusates were tested on the pigeon’s rectum: no effect could be observed in 
two of them, the samples of three experiments caiised relaxation, and, when 
compared with adrenaline, the results agreed with those obtained by the 
other methods. The colorimetric test (quahtative, only) was twice positive, 
once negative, and twice not performed. 



Kg. 9. PerftiBed frog heart. Aasay of gangUon perfusate. C=injeotion of sample collected 
before stimulatioii; after 3 min. stimulation; Ci\ 6 min. after end of stimnlation. 

Fig. 8 shows the effect of the perfusate on the perfused frog heart. We 
sample coUected before stimulation only sUghtly affected the heart 
^mple collected during the seventh minute of stimulation produced an e ec 



Kg. 10. Pigeon's isolated rectum. C=effect8 of 0-6 o.o. perfusate ^Ueoted befom and after 
stimulation: S. collected during stimulation, compared mth adrenalme solutions. 


i. size to th.t of .dieo.Iine I fa 100 million but more proio^ed. 
A ..mplo colleoted 1 min. after the end of etimnlat.on had etd] a 

The acthdty disappeared graduallj rrithfa 12 mm. a r een o ® 

The effect on the frog heart produced by ganghou f Iwnra 

»rent fa shape from that produced by .drenahne. but th» was not always 
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so For example, ttat sFo^ in Fig. 9 closely resembles that produced by 
adrenaline being breaker than 1 in 100 million and stronger than 1 m 200 

million. . 

Fig. 10 sbo\rs the effect on tbe pigeon’s intestme produced by samples of 
tbe gangbon perfusate. All control samples caused a short relaxation, although 
the temperature of the freshly collected sample rras about the same os that 
of the isolated organ bath. The inhibition caused by a sample collected during 
pteganghonic stimulation, borvever, vras prolonged and similar to tbat pro- 
duced by adrenaline 1 in 200 million. 

Discussiox 

IVTien the superior cervical gangbon of the cat is perfused urith Focke s solu- 
tion, the contractions of the nictitating membrane in response to a constant 
submasimal stimulus appbed to the pregangbonic fibres are increased by small 
doses of adrenaline, e.g. O'Ol-^'lpg. injected into the gangbon circuit, or by 
adding to the perfusion fluid adrenaline in a concentration of 1 in 100 to 
1 in 200 million. Larger amounts of adrenaline depress gangbonic transmission. 
The increase is only observed vrhen the stimulation is submaximal, and appbed 
at a rate beloiv 8 per sec. When the stimub are maximal or at a faster rate, 
no increase is seen uith small doses, and doses of more than 0*1 pg. diminish 
the contractions of the nictitating membrane. Similarly, the response to a 
constant dose of acetylcholme injected into the gangbon circuit is augmented 
by smaU doses of adrenaline, rvhereas larger amounts reduce the effect of 
acetylcholine. 

Chiomaffine tissue has been found histolo^caUy in the superior cervical 
gangbon of the cat, and it seems bkely that a bberalfion of adrenaline inside 
the ganglion occurs simultaneously with the excitatiou of the synapse. The 
perfusate from the -gangbon, coUected during or immediately after pre- 
gangbonic stimulation, contains a substance -which stimulates the perfused 
frog heart, -which relaxes the pigeon’s isolated intestme, and sho-ws fluorescence 
to the same degree as that produced by adrenaline in a concentration of 1 in 
100 to 1 in 200 million. The fact that this concentration happens to he of the 
same order as that found to be the most effective in increasing the response of 
the nictitating membrane to submaximal pregangbonic stim^, supports the 
hypothesis that adrenaline plays an important part in synaptic transmission. 
There are three different sources from -which may arise the adrenaline 
appearing in the venous perfusate during pregangbonic stimulation : the post- 
gangbonic neurones, the chxomaffine tissue, or the sympathetic fibres termina- 
ting in the bloodvessels of the gar^Uon. The last possibbity is very unbkely 
because diminution in flow during a prolonged pregangbonic stimulation was 
negbgihle or absent. There is already some evidence of the presence of an 
adrenaline-like substance in the superior cervical ganglia and other adrenergic 
PH. cm. ^ 
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nerve tissues. Lissak [1939 c] found that extracts from pregangUonicalJy de- 
nervated superior cervical ganglia of the cat (with the postganghomo 
no longer contained acetylcholine, but still contained adrenaline He also 
showed that adrenaline was liberated in vitro from a normal as weU as &om a 
denervated superior cervical ganglion which was put into 1 c.c. 
solution, and stimulated for 10 min. [19396]. The question whether the 
ohromafiBne tissue cells contribute adrenaline in the process of synap lo 
mission cannot be definitely settled by experiments on a sympathetic gang o , 
but only by using a parasympathetic ganglion, should this contain c 
tissue. In the experiments described in this paper, however, it m een 
that adrenaline is liberated in vivo during pregangliomc stim a on 
a concentration as would facilitate the transmission of the imp 
the synapse. The experiments also provide additional evidence, m supp 
the conclusion drawn from previous work, that, wherever ace ^ ® _ . 

as a transmitter of nervous impulses, adrenaline modifies its ° 
conceivable that the chromaffine cells present in the ganghon supp y 
for this purpose. 

SOMMABY 

• 1. In the perfused superior cervical ganglion adrenaline modifies the tra 

mission of impulses. . afimnlatioi 

2. The contractions of the nictitating membrane m ^espoM 

of the preganglionic fibres are increased by adding to the perfusion fluid sma 
doses of adrenaline, whereas they are decreased by larger d^es 

3. Th. inoresse ob,«red only with .tannh “ 

4. The response to a dose of acetylcholine mje e m adienalinc 

fusion circuit is augmented by the presence of small amounts 

and depressed by larger amoimts. . , ^ nfirfosate co: 

5. Durmg prolonged preganglionic =tonlat.on tte - 

looted ftom the ganghon eontama an adr.nataie-hke enbetanee w 

ganglia are enggeated “ 

fotrto — ion when artihoiallp iniee«d. 
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mme is similarly treated [Lockett & Vemey, unpubUshed observations]. On 
steam distillation of normal bnman or dog urine firom strongly alkaUne 
Bolntion, bovrevet, a similar base, to ’which I shall refer as the base B, has 
appeared in the distillate; and in an attempt to isolate the compound from 
which the base B is derived, a second base — ^base A — with powerful pressor 
activity, has been encountered. Both these bases are found in the st^m 
distillate from dog and human urine made strongly alkaline with sodium 
hydroxide, and the experiments reported here have been selected to demon- 
strate their presence, to give some account of their properties, and to investigate 
their relationship to the pressor bases of normal urine previously reported in 
the literature. 

Experimektai. 


1. The ‘presence of two pressor bases, A and B, in (he steam distillate from 
normal human urine made strongly aUvline loith sodium hydrcande 

The chemical manipulations in the following experiment, which is repte' 
sentative of many others, are outlined in Scheme I. 


S2 1. of normal htunan mine rTere concentrated to 12-2 L on a water bath at 85“ C. with a good 
draught. The concentrate, in 200 c.c. fractions, was bronght to j)H 13-0 with 10 % IsaOH, alizann 
being used as ertemal indicator, and was steam distilled. The first 120 c.c. of distiHato &om. eadt 
firaction were reserved as distillate 1. The second 120 c.c. were reserved as distillate 2. TVhen both 
ftactians had been. coEected, the distillation was ended, and the flask, residue was syphoned off 
into a paiL The flask residues were cooled, and were then extracted 'srith 300 c.c. chloroform to 
1-4 L residne, in Winchester 'quart bottles, by shaking mechanically for | hr. The chloroform 
extracts, in 300 c.c. fractions, were twice shaken with 30 c.c. 0-64% HCL The aqueous acid 
extracts were heated at 80“ C. until aH smell of CHCl, was lost, and were then brought just to the 
bofl. The final volume after neutralization was 350 c.c.; the.solntion was green, and was reseired 
as solution K. Distillate 1 ftactions and distillate 2 fractions were separately worked up. These 
distillates were gradually concentrated in flasks in a bath at 40’ C., and at 5-11 miri. Hg, at 
such a rate that 4L were concentrated to 120 c.c. in approximately 10 hr. The concentrates 
were nentral to litmus. They were extracted with toluene, the aqueous phase was centrifuged 
and, after separation, was stored in the ice chest for frtmi 1 to 4 days (distillate 1 concentrate and 
distillate 2 concentrate!. The final volume of distillate 1 concentrate was 130 c.c.; and 45 c.c, of 
this, after the addition of 15aCl to 0'B%, were reserved as solution A 1. The final volume of 
dis ti llate 2 concentrate was 145 c.c.; and 50 c.c. of this, after the addition of XaCl to 0-9%, 
were reserved as solution A 2. 

85 C.C. of distillate 1 concentrate were shaken mechanically with 10 g. blood charcoal (British 
Drug Houses Ltd.) for 30 miiu and filtered; this was repeated. The firrt 10 g. of blood charcoal 
were washed at the pump with distOIed water, and were then boiled gently, with gtfrring, for 
10 min. with 80 c.c. of 0-04% HCl. The mixture was then filtered, the filtrate neutralized with 
KaOH and bronght to a volume of 80 c.c.; 40 c.c. of this were reserved as solution C la. The 
second 10 g. blood charcoal eimilaily treated gave solntion C 15. 41 c.c. of the filtrate from the 
first 10 g, chaicoaL after the addition of NaCl to 0-9%, formed solntion B 1. 

95 C.C. of distillate 2 concentrate were fdmaarly treated with blood charcoaL solutions C 2a 
C 2 6 and B 2 being obtained. ’ 


40 C.C. charcoal filtrate from distillate 1 concentrate were made alkaline with 4 c c 10 “/ HaOH, 
Md were three times extracted with ether. The combined ether extracts (30 c c!) were°divided 

0-B4 Ha The ether was gently boiled out of the combined add extracts which, after nentrallza- 
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tion with NaOH to 21 c.o., formed wlntion El. The alkaline oqnoous phase was noutralired 
■with cone. HO, the ether was boiled ont, and the solution was reserved as D 1. To the dried 
ether extract -was added a saturated solafion of oialio add in ether, the precipitate was spun dotn), 
washed with ether, dried, and finally taken up in 10 c.o. 0-9 % NaCl: this formed solution E 1. 

40 o,e. neutralized charcoal elution C la were treated similarly, and solutions G 1, H 1 and J 1 
were obtained corresponding "with solntionB D 1, E 1 and E 1 respectively. 

260 D.C. solution E were twice shaken with 10 g. blood charcoal for 30 mm.: the final filtrate 
was solution S. The first 10 g. blood charcoal, eluted by boiling and stirring with 250 c.c. 0'(14% 
HCl, filtered, neutralized ■with caustic soda, and brought to volume, gave solution 0 1. The 
second 10 g. charcoal treated in the same way gave solution 0 2. 

184C.C. solution S, to which 18 c.c. 10% NaOH had been added, were three times extracted 
■with ether. The combined ether extracts (70 c,c.) were divided. One portion of 35 c.c. was dried 
over anhydrous sodium sulphate, and to it was added a saturated solution of oxnlio add in other; 
a very faint turbidity developed. The solution was centrifuged, the ether was decanted, the tube 
■washed with ether on the centrifuge, the ether decanted, the tube dried, and finally ■washed ■with 
20 C.C. 0-9% NaCl: this formed solution N. The other portion of 36 c.c. ■was shaken ■with 20 c.c. 
0'64% HC3; this was repeated, and the ether was boiled ont of the combined aqueous phases 
which, after nentralization ■with NaOH, formed solution 5L The ether-extracted solution S, after 
nentaJization ■with HCl, was boiled to dispel ether traces, and was diluted ■with water to 368 o-c. : 
this formed solution L. 

200 C.O. of solution O 1 -were treated in the same maimer as solntion S above, but 20 c.c. 10% 
NaOH were used, and the final volume of solution P was 400 c.c. Solutions P, Q, and R corre- 
sponded -with solntionB L, M, and N. 


The solutions, prepared as described above, tvere then tested for pressor 
activity on the anaesth.etized cat. Anaesthesia was induced with chloroform 
and ether, and a 1'0% solution of chloralose in 0-9% NaCl was then injected 
intravenously in a dose of 0-08 g. chloralose/kg. body weight. The arterial 
pressure was recorded from the left carotid artery, clotting in the cannula 
being delayed by pre-viously fiHiag it with a solution of heparin (1 mg./o.c. 
of 0-9% NaCl). A tracheal cannula was inserted; and the solutions, wanned 
to body temperature just before their administration, were injected by a 
syringe connected -with a cannula which had been tied into the right femoral 
vein. The injection of each solution was immediately followed by that of 
2 c.c. 0-9% NaCl. In Table 1 are recorded the effects of these solutions on the 
arterial pressure. 

The following control solutions were also prepared, and were found to be 
without action on the cat’s blood pressure: 

(1) 10 g, of blood charcoal eluted with 30 c.c. 0-6d% HCl, and the 
filtoate neutralized with NaOH. The amount injected intraveLusly was 


(2) 30 C.C. 0-64% HCl shaken with ether, separated, the ether boiled oi 
of the aqueous acid phase, and the solution, after neutralization with NaOl 
brought to Its original volume, 3-0 c.c. were injected intravenously 
• (3) 20 c.c. of ether treated with a saturated solution of ozalic acid inethe 
the solution centrifuged, the ether poured off, the tube dried and i, 

20 c,„. 0.9% H.C1. 1-0 ».c. ™ 
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Table 1 


Cat no,, irt., 
and date 
1 , 2-2 
3. 1. 



2, 2-6 ig., 
3.x. 41 


3, 2-2 kg.. 
4.x. 41 


Injected solution 


f \ 


Descuiptdon 

Dose 

o.c. 

Original urine 
equivalent 
o.c. 

•A I 

20 

800 

♦B1 

2-0 

800 

*Clo 

2-0 

860 


016 

2-0 

860 


A2 

3-0 

1080 


B2 

30 

1080 


C2o 

30 

1290 


026 

3-0 

1290 


A2 

3-0 

1080 


Al 

2-0 

800 


Al 

2-0 

800 


Al 

2-0 

800 


D1 

2-0 

728 


El 

2-0 

' 760 


FI 

30 

2400 

1 

■Al 

2-0 

800 

1 

Ola 

3-0 

1276 

1 

01 

3-0 

1140 

i 

HI 

3-6 

1417 

1 

J1 

3-0 

2650 

3 

HI 

2'0 

300 


SI 

2-0 

300 

4 

toi 

2-0 

300 

3 

T1 

4'0 

300 

3 

:QI 

1-0 

376 

3 

:R1 

10 

760 


N1 

1-0 

690 


K1 

2-0 

300 


Ola 

3-0 

1276 


Al 

4-0 

1600 


B1 

8-0 

3200 


D1 

16-0 

6824 

NaCIO-9% 

lO-O 

— 


E 1 

9-0 

3420 

NaCl 0-9% 

9-0 

— 


Arterial pressure 
mm. Hg 


r 

Base line 

Rise 

Eemarks 

160 

86 

— 

142 

22 

— 

114 

84 

— 

90 

— 

No response 

92 

72 

— 

103 

12 

— 

101 

18 

— 

103 

— 

No response 

97 

46 

— 

96 

80 

— 

93 

98 

— 

186 

62 

— 

187 

— 

No response 

187 

. — 

No response 

186 

— 

No response 

184 

69 

— 

180 

61 


180 

18 

— 

182 

63 


180 

47 

— 

178 

47 

— 

176 

— 

No response 

174 

60 

— 

173 

23 

““ 

170 

40 


167 

44 

““ 

167 

— 

No response 

167 

63 


163 

S3 


169 

44 

— 

167 

23 


147 

28 

— 

137 

18 

— 

133 

8 

No response 

119 

10 

■ — 


Control injeotious of 2-0 and 3-0 0.0. 0-9 % NaCl were made during the course of the eiperimenfs 
Tvith cats 1 and 2; no signihcant change in blood pressure resulted. 

* Responses Ulnatrat^ in Fig. 1. 

+ Responses illustrated in Fig. 2 a. ^ 

J Responses illnstrated in Fig. 26. 


The blood-pressure responses of cat 1 to solutions Al, B1 and Clo 
given in Fig. 1, and those of cat 2 to solutions A 1, C la, G 1, H 1 and J 
Fig. 2 a. From these results it will be seen that the greater part of the activity 
of the distillate concentrate was caused by a base which was adsorbed y 
blood charcoal, eluted therefrom by dilute acid, extracted from a a e 
solution by ether, and which formed an oxalate insoluble in ether. The ase 

of this oxalate will be referred to as the base A. , , 1 i, v 

Since solution A 2 was active, but less so than A 1, it was pro a^ e t a ^ 
steam distillation had only partially removed the base from t e urme con 
ceatrate. This is supported by the fact that solution Es owe p^sorac m y 
caused by a base of similar character (Scheme I, Table 1 and Fig. 26). 



Ksr 1 Cat 1 (see Table 1). The tracings show the responses to the injection of the following 
srilntiQns: a. 2 c.c. of A 1; 6. 2 c.c. of B 1; e. 2 c.c. of C In. 5 signals the times of in}ection. 

Tnne=5 sec. 
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Fig. 26. 


Iirn 1 f I r iirrmr-B mT iii m i m r f l 


Fig. 2. a (above). Cat 2 (see Table 1). The tracings Bhow the responses to the injection of the 

following solntions : a, 2 c.c. of A 1 ; 6, 3 c.c. of C 1 a ; c, 3 c.c. of G 1 ; <i, 3-5 c.c. of H 1 • e, 3 c c 

of J 1. Signal and time as in Fig. I. 6 (below). Cat 2 (see Table 1). The tracings Aow the 
response# -to the injection of the following solutions: n, 2 c.c. of K 1; 6, 2 c.c. of 0 1- c 4 c.c 
of P 1; d, I c.c. of Q 1; e, 1 C.C. of R 1. Signal and time as in Fig. 1. 
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Moreover, the pressor aetivity of solution K was distillable io steam as the 
following procedures show. $ 

60 C.O. of solution K, to whicli 6 o.c. 10 % NaOH were added, were distilled in steam, the first 
^ o.c. distillate beiig collected as D' 1, the foUowing 2.50 c'.o. being colleoted as D' 2. D' 1 anfi 

2 were separately concentrated in the manner previously described, the volumes of concentrate 
being 73 and 33 ac. respectively. To each of these concentrates NaCl was added to 0-9 % . The 
flask residue was neutralized with hydrochloric acid, the final volume being 160 c.c., and to thn 
0 2 g. NaCI was added. 12 o.c. of solution K, and 14-8 c.o. of D' 1 concentrate, were each dilnted 
to 30 c,c. with 0-9 % NaCL 

These diluted solutions, the neutralized flask residue, and the 2 con- 
centrate were then tested for pressor activity on a cat, wt. 2-2 kg., prepared 
as already described. The results are given in Table 2. It will he seen that 

Table 2 




Injected solution 

5 

Original urine 

Bose in arteiul 

Description 

Dose 

K equivalent 

e^valent 

pressure 

c.c. 

C.C. 

o.c. A 

460 , ^ 

mm. Hg 

Diluted K 

7-6 

30 

41 

Tlask residue 

7-6 

3-0 

460 

0 

Diluted D' 1 

7-6 

30 

460 

33 

Diluted K 

5-0 

2-0 

300 

• 33 

NaCl 0-9% 

5-0 



3 

D' 2 concentrate 

7-5 

13-6 

2060 

4 


the preparation of D' 1 concentrate was associated with the loss of about 
one-third of the original pressor activity. The loss was attributed to the 
process of concentrating the distillate, and later e^eriments have confirmed 
the correctness of this view. 

Now although the charcoal eluate C 1 6 (Scheme I and Table 1) was not 
active, a low-grade pressor activity remained in solutions B 1 and D 1. All 
the solutions given in Scheme I were then tested for the presence of a base 
extractable from alkaline solution by toluene and giving with picric acid an 
intense yeUow colour in toluene-chloroform mixture. ' 1 c.c. of each solution 
together with 4 c.c. water and 0-6 c.c. 10% NaOH, were extracted with 3 c.c. 
toluene. After the toluene extracts had been spun, equal parts of toluene 
extract and chloroform, to which one drop of 2% picric acid in chloroform 
had been added, were matched in a colorimeter against a standard similarly 
prepared from a solution of known ephedrine hydrochloride content. This 
colorimetric test is a modification of that used by Kichter [1938] in the 
estimation of ephedrine in urine. The colour production of each solution, 
expressed as equivalent ephedrine hydrochloride concentration, is given in 
Table 3. Were the low-grade pressor activity in solution B associated with this 
colour-producing base, we should expect that solution D 1 would show about 
the same activity when injected in double the dose. That this is so is seen in 
Table 1 (cat 3). There are present, then, in the steam distUlate from human 
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Table 3 


Solution 
• A1 
B1 
D1 
Clo 
Clb 
K 

Remaining solutions 


Equivalent ephedrino 
HCa concentration, g./c.c. 

6- 0 xKH 
4O>;10^ 

2-0 xRH 

7- 3x10-* 

6-6 X 10-* 

8- 3 X 10-* 

Nil 


urine made strongly alkaline tvith caustic soda, two pressor bases, tke one 
(base A) being readily adsorbed by blood charcoal, forming an oxalate insoluble 
in ether, and giving no colour reaction with picric acid in toluene-chloroform 
mixture; the other (base B) is little adsorbed by 'blood charcoal, and gives a 
strong colour with picric acid in toluene-chloroform mixture. 

In the next section are reported experiments which have been selected to 
show that a base similar to the base A can be extracted from the urine by a 
process differing from that which has just been described. 

2. The ea^cfion of a pressor base, resembling the base A, from the filtrate 
of urine-concentrate treated with basic lead acetate 

The steps in the process are outlined in Scheme II. 

lea L normal mine were concentotod to approximate i voi. The concentrate, after cooling, 
was treated with unfiltered baaic lead acetate solution, 25—30 g. of solid being added for each 
litre of originel urine. The mixture was starred intermittently, and was then left to stand for 
16-48 hr. The precipitate was removed by filtration; the filtrate, orange in colour, wa* freed of 
lead with H,S gas, and was roconcentrated to 6-3 1. The concentrate was made strongly alkaline 
with NaOH, and was filtered through kieselgabt. The fluid was divided into three portions, and 
each was extracted three times with chloroform, 200 O.C./1., shaking moobanically for i hr. on 
each oceation. The chloroform extracts were pale yellow in colour, and, after having being centri- 
fuged, were three times shaken with 0-64% B.CL The combined acid extracts were boiled gently 
to remove the chloroform, and were neutralized to a volume of 305 c.c. with 10 % NaOH. This 
solution was pale yellow. 

To this solution 30 c.o. 10% NaOH were added. The whole was three times extracted with 
60 O.C. chloroform, and the combined cidotoform extracte were twice shaken with 60 0 . 0 . 0-84% 
HCb After boiling out the chloroform, 20 0 . 0 . 10% NaOH were added, and the aolntion was 
three times extracted with ether, these ether extracts being combined. Two subsequent extractions 
were kept in a separate group. The first and second groups of ether extracte were dried over 
anhydrous sodium sulphate. To these dry extracts a saturated eolutian of oxalic acid in ether 
was added. The first extracts gave a general white turbidity; the second extracts gave only a 
faint opalescence. The ether was removed by distillation, and the residue was recrystallized from 
alcohol: 10 mg. of waxy ill-formed crystals were obtained. A further 10 mg. wore obtained by 
again working up the lead-free concentrate. No attempt was made to purify this oxalate The total 
weight of solid dissolved in 25 c.o. 0-9% NaQ gave solution 1, which was treated as foUowa The 
steps in the process are tabulated in Scheme H. 


32 C.O. of solution 1 were steam distiUed after the addition of 6 c.o. 10% NaOH. The first 
100 nc. were reserved as distillate 1; the following 160 c.c. were collocted as distillate 2 The 
is^tion was then discontinued. The contents of the distilling flask were neutralized with 
hydrochlono add, and the whole volume of 117 c.o. was shaken with 3 g. of blood charcoal and 
filtered. 30 c.c. of the filtrate were reserved as solotioa S after the addition of 0-1 g. Naa The 
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chaicoal -was dated by boffing and stirring vith 23 c-c. 0-64% HCa; the filtrate rras ncntraliied 
and 6 c.c. -vrem leserred as solution 0. 

85 c,c. of the charcoal filtrate derived from the flask residue after distillation -were treated -vrith 
8-5 c-c. of 10% XaOH, and vrere extracted -irith ether; and the combined ether extracts ivere 
dried over anhydrous sodium sulphate, and rvere treated -irith a saturated solution of oxalic add 
in ether. Ko risible predpitate formed. The ether was centrifuged, and decanted, and the tube 
■was dried, and -washed with 10 c.c. 0-9 XaCl, this gi-ring solution X. 

To 19 c,c. of the corresponding charcoal duate' -were ’added 2 c.c. 10% XaOH, and this solution 
was similailv extracted, and the dried ether extracts treated -with oxalic add in ether, hio turbidity 
resulted. The solution -was centrifuged, the ether decanted, and the tube dried and then -washed 
with 10 c.c. 0-9 °/a 'SaCl-. this formed solution R. 

20 C.C. of distillate 1, to which 0-18 g. of XaCl had been added, -were reserved as solution A 1. 
80 C.C. of distillate 1 -were shaken with blood charcoal, and 17 c.c, of the filtrate, -with 5iaCl 
added to 0-9%, were reserved as solution B 1. 60 c.c. of the filtrate, treated -with 6 c.c. 10% XaOH, 
-were extracted with ether; the ether extracts -were dried over anhydrous sodium sulphate, and 
-were treated -with a solution of oxalic acid in ether without risible effect. The ether solution -was 
centrifoged and decanted, and the tube was dried and -washed -with 10 c.c. 0-9% hlaCl: this 
formed solution T. 

The charcoal was duted with 25 c.c. 0-64°o HCl, and the filtrate -was neutralized -with I>bOH, 
6 C.C. being reserved as solution C. 19 c.c. of the neutralized elnate were treated with 2 c.c. 
10% SaOH, and were extracted with ether, the ether extracts being dried over anhydrous sodium 
sulphate. The addition of oxalic acid in ether caused a dense white turbidity, which spun domi 
to a precipitate of -very small amount. The ether -was decanted, and the precipitate, after -washing 
with ether on the centrifuge, -was dried, and -was taken up in 10 c.c. 0-9% 'MaCl: this framed 
solution J. 

Distillate 2 -was shaken with 3 g. blood charcoal, and the charcoal -was eluted -with 10 e.c. 
0-64% HCI, and the elnate, after filtration and neutralization, gave solution A 2. 


These solutions -oreie tested for pressor acti-vity on a cat weighing 2-5 kg. 
and prepared as ptexio-osly described. Before injection, 3 c.c. of solution 1 
■were diluted to 13 c.c., 2 c.c. of solntion C to 6 c.c., and 0-6 c.c, of solution J 
to 3 c.c. with 0-9% NaCl. The results are sho-vm in Table 4, and the responses 
to solutions 1, A 1, A 2, C 1 and J 1 are illnstrated in Big. 3. 

To 3 c.c. of each of the solutions were added 2 c.c. water and 0-5 c.c. 10% 
XaOH. Each was then extracted -srith 3 c.c. toluene, and the toluene extract 
was centrifugedL To 1-5 c.c. of each tolnene extract 1-5 c.c. chloroform -were 
added. On the addition of a drop of 2% picric acid in chloroform no colour 
appeared in any of the solutions. • 


The facts reported in this section show that a pressor base which is not 
precipitated by basic lead acetate solution is present in human urine. The 
base can be extracted from alkaline solution by ether and chloroform' and 
forms an oxalate which is insoluble in ether. The crude oxalate in a dose nf 
0d6 mg. (solution 1 , Table 4, Eig. 3a) produced a rise of 64 mm. Hg in the 
artenal pressure of a 2-5 kg. cat under chloralose anaesthesia. T^b^el 
volatde m steam from alkaline solntion, is adsorbed by blood cbarr^alTnre 
neutral soiurion, and gives no intensely yellow colom with nicriT ^ ^ 
toluene-chloroform mixture. The properties of this base make it 0 ^ 

.t » tie b«e A described to tie ptericc .ecSoto'^fc 
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experiment it has been found, as was to be expected from the pressor dose of 
the crude oxalate, that the base is very much more active than iso-amylamme. 


Injected solution 


Table 4 


Description 

*1 (diluted) 
•A1 
*A3 
B1 
Dl 

*C 1 (diluted) 
♦J 1 (diluted) 
S 
N 
0 
E 

1 (diluted) 
A1 

1 (diluted) 

A 2 

C 1 (diluted) 
J 1 (diluted) 
1 (diluted) 


Dose 

0 . 0 . 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 


Original urine 
equivalenk^ 
c.o. 

1,250 
1,370 
13,800 
1,560 
9,300 
1,667 
1,900 
1,340 
11,400 
6,240 
11,900 
1,260 
1,370 
1,250 
13,800 
1,067 
1,900 
1,260 


Arterial pressure 
mm. Hg 


Base line 

169 
160 
160 
164 

167 

168 
164 
162 

170 

171 

172 
170 
162 
161 
160 

163 

164 
160 


Else 

64 

69 

26 


47 

48 


44 

48 

46 

21 

42 

34 

46 


Remarks 


No respoose 
No response 


No response 
No response 
No response 
No response 


Control injections of 6 cc. 0-9 % NaCU o.a Z^t^houi 

of neutralized acid extract of ether (control of ether removal) 

pressure. 


charcoal, 

effect on the blood 


•esstire. ' j • iw 9 

* These responses are illustmtod in J?ig. o. 


Fig. 



The tracings show the of^O 1 

fluted) ; 5, 1 0.0. of A 1 ; c, 1 o.a of A 2; d, 1 C.O. 01 u 

gnal and time as in Fig. 1. 


3. n, preoipiMim »/* J’.'""’' “ 

jmrate by mercuric chloride 

. i 1 nf thia base, whose isolation as ai^ 

In order to discover whether or no (jescribed, occurs during the con- 

oxalate from the lead filtrate has ]us original, and to relate 

centration of urine to a ° ^ Aardier [1908], the Allowing experi- 

Vhe base to that described by AbelousA. Barm 1 
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•ment is reported. The procedixre followed that of these workera for urine : it 
■was repeated on urine concentrate. 

8L of normal homan urine were collected in tolnened receivers; the urine was well mixed, 
and was divided into eight separate fractions of 1 1. each. Two of these fractions were precipitated 
with basic lead acetate, being filtered after 21 and 41 hr. respecttvely. Two further 1 1. fractiona 
were each treated with 20 g. mercnric chloride, in powder form, stirring being continuous for 
approximately 1 hr. during the addition of the pajder. These firactions were filtered after 20 J and 
42 hr. respectively. The excess lead or mercury from each fraction was removed by hydrogen 
sulphide, and, after filtration, each fraction was concentrated to a volume of 60-C0 CjC. on a 
water bath. 

The remaining four 1 L fracticma of urine were each concentrated to a volume of approximately 
250 C.C. on a water bath at 80-35° C., with a good draught blowing over the surface of the fluid. 
Two of these Ecactiona were precipitated with basic lead acetate, being filtered after 24 and 44 hr., 
and two were precipitated, each with 20 g. of HgCl^, being filtered after 23^ and 46J hr. 
respectively. The excess lead or meromy was removed from the filtrate by means of HjS, and 
after filtration the fractions were concentrated to a volume of approximately 50 c.c. 

Each fraction was made alkaline by the addition of powdered sodium bicarbonate, and wa 
then five times extracted with apptojdmately 10 c.c. of ether. The ether extraota from each fraction 
were combified and were dried for 48 hr. over anhydrous sodium sulphate. The ether was then 
decanted, and was treated with a saturated solution of oioUe acid in ether until there was no 
further increase in opalescence. The ether solutions were centrifuged for 1 hr. The supernatant 
was decanted, and the residua was dissolved in 10 c. 0 , 0-9 % NaCL 

These solutaons were then tested for pressor activity on a cat weighing 
3-0 kg. under chloralose anaesthesia, and prepared as previously described. 
The results are given in Table 5. The colorimetric test for the base B was 
negative on 0-5 c.c. of each of these solutions. 


Tabu; 5 

Volume 

injected 


Solution. c.c. 

Erom urine, precipitated with lead, 21 hr. 0-5 

Prom urine, predpitsted with HgCl,, 204 hr. 3-0 

Erom urine, precipitated with HgCli, 42 hr. 3-0 

Prom urine, precipitated with laa^ 41 hr. 0-5 

From urme concentrate, precipitated with HgCl,, 23} hr. 3-0 

Prom urine concentrate, precipitated with lead, 24 hr. 0-5 

From urine concentrate, precipitated with lead, 21 hr. 0-5 

Prom urme concentrate, precipitated with lead, 21 hr. 0-5 

Prom urme concentrate, predpita ted with HgCl,, 46} hr. 3-0. 

From urine concentrate, predpitated with lead, 44 hr. 0-6 


Arterial pressure 
mm. Hg 


Base lino 

Eise 

159 

21 

156 

NU 

166 

NU 

165 

21 

164 

M 

165 

18 

165 

17 

163 . 

20 

. 163 

Nil 

151 

18 


From these results it may be seen that there was no apparent loss of pressor 
activity by concentrating the urine to approximately a quarter of the oricinal 
volume before precipitating with basic lead acetate, and that the same deetee 
of pressor actitdty was obtained were the lead-treated urine or conceniSl 
aUowed to stand for one or two days. If, however, either urine or concentrate 
^re treated with mercuric chloride, and aUowed to stand for either one or 
two days, no pressor oxalate was obtained. Abelous & Bardier riQftRi r I 

s -r 



80 


M. F. LOCKETT 


4. Prelimin.ary adsorption experiments 

{a) The adsorption of the bases A and B from the steam dislidate by blood 
charcoal. The former experiments, whilst clearly demonstrating the presence 
of the pressor base A, little more than indicate the presence of the base B. 
The presence of the latter base was ^ore clearly shown in the course of a 
series of adsorption experiments which were carried out in an attempt to 
a method of complete separation of the bases A and B which would allow o 
their simultaneous, almost quantitative, isolation from urine concentrate, an 
at the same time would afford information which would facilitate a seare 


for these bases in tissue extracts. , 

The foregoing experiments show that, whereas the base A is rapidly adsor 
from neutral solution by blood charcoal, the base B is but little ’ 

It was, however, found that, when fresh steam distillate was treated with 
charcoal, relatively large amounts of the base B were adsorbed. The stw 
distillate contains free ammonia which might alter the rate of adsorp i 
of the bases A and B. The following experiment was designed to ^etermne 
the rate at which the base A distilled in steam, and the effect of t e 
ammonia content of the steam distillate on the adsorption of the ^ 
by blood charcoal. Earlier experiments had suggested that the base was 
adsorbed under these conditions more rapidly than the base B, e na 
blood charcoal which had been shaken with steam distillate had a hig 
activity, and contained both bases A and B. The base B could be 
estimated as a colorimetric equivalent ephedrine hydrochloride concen a 
Since the activity of the base B is low, and the dose of these charcoa e ua 
required to produce a pressor response was small, the pressor activffy o 
eluates was probably associated with the base A. To confirm 4 > ^ 

planned to show the presence of the base A in the eluates by extracting 
base from alkaline solution, subsequently precipitating the pressor o^ - 
and to determine the total colorimetric equivalent, in teims o ® 
hydrochloride, of a solution of the base B which was required in pro 
pressor response. Such a solution of the base B could be obtaine y 
centration of the charcoal filtrate after aU the base A had been adsorbeO. 


46 L of normal human urine were concentrated on a water l»th to 7 0 1. , Ae 
diatilled in eteam at pH IS-O (NaOH) in 200 c.c. fmctiona. The 

formed the D 1 pool, the next 160 c.o. the D 2 pool. 600 ° bw^uction: the charcoal was 

shaken with 0-6 g. blood charcoal for 20 min., and were y ' , i j 

reserved aa la. By ahatog the filtrate 2 similarly treated 

obtained. A repetition of the procesa gave charcoal 1 . , , . ... 90 c c 0-64% SCI by 

boiling gently and stimng, finally fi^tenng at P P 

NaOH, giving eolutiona which were numbered to corre^ 20-2 c.c.- 2a, 20-2 c.c.; 2i, 20-3 0.0.; 
were separated: aolution la, 20-1 c.c.; 16, 20-6 c.c., c. 


•jand 2e, 20-1 c.c. 
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Tha anmonia content of 2 c.c. of each Eolation, and of the original distillatea D 1 and D 2, w«a 
eathnated by means of IJessler’s leagcuL Fnrthennore, 2 c.c. of each Eolnfaon 
10 C.C. mth ^ter, and after the addiHon of 1 ac. 10% NaOH vrere extracted mth 3 c.c. tolaene. 
The tolaene was centiifaged. Eqnal parts of tolaene extract and chloroform were ^ted ^tb 
1 drop 2% picric acid in chloroform, and the yellow solution so formed waa compar^ m ® 
meter with a standard rimilariy prepared ftom o solution of known epbedrme hydrochlonde 
content. 

The neutralized solutions were tested for pressor activity on & cat weighing 
2-0 kg. and prepared as previously described. The results are shown in Table 6. 
The colorimetric test was not applied to D 1 and D 2, since a high ammoma 
concentration in a solution causes turbidity in the final solution, making 
estimation impossible. 

Table 6 




Equixalent 

ephedrine 

hydrochloride 

Volume 

Arterial pressure 
mm. Hg 

Description 

Ammonia N 

concentration 

injected 

X 

r 

■Rise 

of Eolntion 

mg./c-c. 

g./c.c. 

c.c. 

Base line 

D1 

110 

— 


— 

— • 

D 1, after charcoal 
ad^rption 
la 

0-77 

— 

— 

— 

— *• 

0-15 

6-7 X 10-« 

0-6 

128 

33 

16 

0-12 

1-2 X 10-* 

7-0 

132 

26 

Ic 

0-20 

3-5x10-* 

7-0 

136 

23 

D2 

0-75 

— 

— 

— 

— 

D 2, after charcoal 
adkirption 

0-63 




*** 

2a 

0-13 

2-4x10-* 

3-0 

133 

45 

26 

0-10 

Trace 

7-0 

124 

16 

2c 

0-11 

Kil 

lOd) 

132 

13 

lo 

0-16 

6-7 X 10-* 

1-0 

130 

44 


Control injections 2-0, 6-0, 7-0 and 10 0 c.c. 0-9% JfaCl, and 10 c.c. of blank charcoal ncratralired 
solution had no ippredable effect on the blood-pressnre trace. 


These results show that the pressor responses resulting from the charcoal 
solutions are not paralleled by the colorimetric equivalent ephedrine hydro- 
chloride concentrations. If the pressor response is due to the base A, the whole 
of the base A has not distilled over in the D 1 fraction, but is found also in 
the D 2 fraction. The adsorption of the base B simultaneonsly with the base A 
is seen, but occurs to a much greater degree in the D 1 fraction than in the 
D 2 fraction, suggesting that most of the base B has distilled over in the 
first fraction; however, the ammonia content of D 1 is considerably higher 
than that of D 2, and if the adsorption of the base B on blood charcoal is 
dependent the presence of ficee ammonia, no conclusion can be drawn. 

In order to confirm the suggestion that the pressor responses to the charcoal 
eluates described above were due to the base A, and to show that the amount 
of the base B contaminating the base A in these eluates was insufficient to 
cause auy rise in blood pressure, the following procedure was adopted. 

The BolaHous lo, 16 and Ic were shaken with blood charcoal for 30 min. and the 

charcoal was eluted with 20 c-c. 0-M% Ha The solution was made alkaline, and ^ 

^ «nhydroua sodium Eulphate, 
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precipitated with a solution of oxalic acid in ether. The precipitate waa spun down, difflol™! 
in 20 o.c. 0-9% Naa and reserved as solution B. _ „ +1,™ times shafan 

The whole of the D 1 fraction remaining from the 46 L of urme was now th^ , 
with 0-76 g. of blood oharcoal/260 o.c. of distillate. The whole weight of 
260 C.O. 0-64o/„ Ha this eluate being used for the adsorpM^ expenm^ts 
3-8 1. of the charcoal filtrate from D 1 were slowly ^ncmtoted as ^ ^ 

concentrate was three times shaken with 1-0 g. of blood charcoal, „,uL^The charcoal 

20 O.0. 0-64% HCl, neutraUzed. and filtered; this solufron was f “^,aed to 09%. 

filtrate from the final concentrate was filtered through kieselgnhr, a Colotuaetrically tla 

the total volume being 83 c.c. This solution was reseiwed as solution A 
equivalent ephedrine hydrochloride concentration of this solution was 1 g / 

These solutions. A, D and B, were tested for pressor J ^ 

weighing 1-3 kg. Solution D was without pressor action in « ^ ; 

ahoLg that L tamoval of tta A by H.«u« of >>“ f 
complete m solution A. 10 o.c. of solution A wme required top ^ ^ 

cf 40 mm. Hg in artorial — “/j 

equivalent of ephednne hydiochlonde of 1 bxil^ g-. a .^^, 1 , 

riponse. to the solutions storm in Table 6 cannot have . 

Jbase B. Solution B. containing the preeipitated 
lb, ic (Table 6), prodneed a supramammal re^oM. m a to 

firming the supposition that the pressor a^tm^ negative to 

dependent on their base A content; O-lb c.c. of the solution B was negau 

the colorimetric test for the base B. ^nmments with a number 

(6) Asumrmry of the findings tnjurtlier a 0-64% HCl, from 

0 / lysrsn, otorbenot. The charcoal elnato, 260 ^ “ .icaUl, 

istmato 1, descrihed above, ™ need t” “'^^coZed bed. 

of solution. from a solution juat alkaline 

Kiesdguhr. No adsorption of either A or B ^ strongly alkaline with caustio soda, 

to pheSwhaleiu with carbonate, or from a solufrou made strongly 

or from weaHy acid solutioii. Complete adsorption of A at nratial y . 

S.S.A.FM. FuUtr’, Earth acLrptiou of B from nentral solntaon, 

and from weakly acid solution (mineral ^ 

itrift:, rr::..- » -u, ^ - 

Treat add solution. , ,-3 recovery by decomposition onhe sniphide. 

Lead sulphide. Slight adsorption of A fium alkaline solution. 

Animal charcoal. No adsorption of B or of A flight of B. From a solution 

Blood charcoal. From nentral ^rbonate, very sUght adsorption of B, total 

made just alkaline to phenolpbthalem with ble adsorption of B, total of A. From 

T: Bccb. n. a. «... If " »' '■ " 

.r+Tnnedv alkaline solubon (pH 13, Unun). n 

No adsorption of B. 



PRESSOR BASES OF NORMAL URINE 83 

From the summary given shove it is seen that a perfect separation of the 
two bases might he expected on Permutit for the estimation of ammonia as 
recommended by Van Slyke; its use on a large scale was, however, impractic- 
able. Moderately good separation was to be expected from the use of blood 
charcoal (British Drug Houses, Ltd.) or S.8.A.FJE. (Fuller’s Earth Company). 
These last were therefore tried in column adsorption experiments. An account 
of the charcoal adsorption experiments is given; the results obtained with 
S.S.A.F.E. were similar. 


5. Gofu7nTi adsorjplion experiments 


The following experiment clearly shows the zonal adsorption of the two 
bases A and B, which were further differentiated by means of simple chemical 
reactions, and provided material for a preliminary study of their absorption 
spectra in the ultra-violet. 

(a 1) The adsorption of the bases A and B in tico zones on a blood charcoal 
column in the presence of added free ammonia. 51 1. of urine were concentrated 
to approximately 11-5 1. •, the concentrate was cooled and filtered, and was then 
distilled in steam in 200 c.c. fractions at pH 13 (NaOH), the first 120 c.c. of 
distillate being collected from each fraction. This distillate was shaken with 
0-6 g. blood charcoal/250 c.c. The charcoal filtrate was slowly concentrated 
in the manner previously described, to a volume of 34 c.c. The charcoal was 
eluted by boiling and stirring with 65 c.c. 0-64% HCl, and, was filtered off. 
The filtrate was neutralized with NaOH, and was filtered through kieselguhr. 
The neutralized eluate was added to the concentrated charcoal filtrate, and 
6 c.c. of ammonia (sp. gr. 0-88) were added. A blood charcoal adsorption 
column was set up; a glass tube, length 15 in. and diameter 7 mm., was filled 


with blood charcoal, being connected above by thick rubber tubing to a funnel, 
and passing below into a receiver which was evacuated by means of a water 
pump. The solution was passed through in the course of 38 hr. Suction was 
kept up for 4 hr. after the last drop of solution had passed through. 

The tube was then cut up into segments, which were numbered from the 
upper funnel end, and the charcoal content of each segment was eluted with 
20 c.c. 0-64% HCl by heating in a boiling water bath for 20 min. with repeated 
shaking. A|ter cooling, the suspended charcoal was spun down, the supernatant 
flmd was filtered by suction, was neutralized with 20% NaOH to litmus as 
external indicator, and was brought to volume. 


The eqmvalent ephedrine hydrochloride concentration of these solutions 
was detemuned as before, and they were tested for pressor activity on a cat 
weighmg 2-75 kg. and prepared in the maimer previously desoribed.^e results 

8 ^ 0 "fI^I ^^l^tions are 


Taboue 7 a 


Solution 

1 

2 

3 

4 

6 

1 

6 

7 

8 
8 

10 

11 

IHtrate 


Length of 

Equivalent ephedrine 
hydrochloride 

Volume 

Arterial pressure 
nun. He 

segment 

in. 

concentration 

g./c.c. 

injected 

c.c. 

A 


/ 

Base line 

Rise 

i 

6-0 X 10 -* 

0-2 

140 

72 

i 

6-0 X 10 -* 

0-2 

149 

62 

i . 

4-8 X 10-* 

0-2 

149 

66 

i 

1-3 X 10-» 

0-1 

138 

63 

1 

1-4 X 10~’ 

1-0 

107 

78 

i 

6-0 X 10 -* 

0-2 

107 

73 

1 

1-4 X 10~* 

1-0 

111 

62 

1 

l-3xl0-> 

1-0 

117 

44 

1 

1-2 X 10 -> 

1-0 

116 

40 

1 

1-3 X 10-* 

1-0 

110 

36 

1 

1-3 X 10-’ 

1-0 

109 

38 

1 

l-0xl0-» 

1-0 

109 

27 

— 

7-5 X 10-^ 

30 

92 

103 



! 'V 

I ' 


'TOi',, 










5 sec. 

■ . . .- ■.-Il.fi.4-fi 



V "'\i f\ 


5 s.c. 

• 1 1 TTT T » T rnrr txtt 




w.. 


ilM 

twri 

Wi' 

MiT 

M'Si 


HHMlillMlllil 


JV 4^ Tho tracings ehcnv the responses to the following solutions: a, 0-2 c.c. of 1; i, 0-2 c.c. of 2, 
c, 0-2 C.C. of 3; d, 0-1 c.c. of 4; «, 1-0 c.c. of 6;/. 1-0 c.c. of G; ff, I-O c.c. of 7; A, 1-0 c.c. of 8; 
J, 1-0 O.C. of 1 1 ! i, 3-0 c.c. of the Bnal filtrate. Time and signal as in Fig. 1. 
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From Table -T A and Fig. 4 it may be seen that tbe pressor activity of tbe 
neutralized charcoal eluates falls into trro zones. The upper zone is of greater 
activity, and extends from segments 1-4 inclusive; the lower zone extends 
from segments 5-11 inclusive, and appears to be carried on into the filtrate. 
■When ^e length of segment is considered, it is seen that the activity of 
solutions from the upper zone is twenty times os great as the activity of 
solutions from the lower zone. If the activity of the lower zone be associated 
with a base giving an intensely yellow reaction in chloroform-toluene mixture, 
imd roughly estimated as equivalent ephedrine hydrochloride concentration, 
this second base must be contaminating the upper zone, but in amount which 
could not then be responsible for the pressor activity of a dose of O-l c.c. 
For the further examination of these zones, typical solutions were selected, 
and their reactions to benzoylation, and to extraction with ether from alkaline 
solution followed by the precipitation of the dried ether extract with a 
satmrated solntion of anhydrous oxalic acid in ether, were studied. 

(a 2) The further differentiation of these zones by means of benzoylation and 
by extraction by ether from alkaline solution, rcith subsequent oxalate formation. 
I c.c. of solution 2 was diluted to 3 c.c. with 0-9% NaCl. 3 c.c. of this dilution, 
and 3 c.c. of solutions 5, 7, and the final filtrate, weiebenzoylated as foQows. 
0‘1 g. NaOH was added and dissolved. The alkaline solutions were cooled in 
ice. Sis small drops of benzoyl chloride were added; after the addition of 
each drop the solntion was vigorously shaken for 5 miu., and was then again 
ice cooled. The reaction was at the end still faintly alkaline. 2-0 c.c. water 
were added, and the solutions were centrifuged for 40 min. The supernatant 
fluid was decanted, and was warmed on a water bath at 70° G. for 20 min. 
After cooling, the solution was made just acid to litmus with HCl, and was 
cooled in ice for 2 hr. The benzoic acid was spun down, and the supernatant 
fluid was neutralized with HaOH, and was brought to a volume of 9 c.c. with 
water. The NaCl content was approximately 1*5%. 


1 c.c. of solution 2 diluted to 5 c.c. and 5 c.c. of solutions 5, 7 and 10, and 
of the final filtrate, were treated as follows. 0-1 g. NaGH was added and dis- 
solved. Each alkaline solntion was three times thoroughly extracted with 
ether, and the ether extracts were shortly dried, for 3 hr. only, over anhydrous 
sodium sulphate. The ether was decanted, and was treated with a slight excess 
of oxalic acid in ether. Any precipitate forming was spun down, the overlying 
ether solntion was decanted, the tube was gently blown dry, and the preci- 
pitate was dissolved in 10 c.c. 0-9% NaCl. . 

The solutions were numbered to correspond with those from which thev 
were prepared hut with the snfBx B to denote benzoylation, and A to denote 
attempted oxalate formation. 


2 hydrochloride concentration was determined on 

2-0 c.c. of each of the henzoylated solutions and on 1-0 c.c. of each of the 
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oxalate solutions. Tlie solutions were tested for pressor activity on a cat 
weigliing 2 2 kg. and prepared as previously described. The results are given 
in able 7 b. This cat was very much less sensitive than the cat used on the 
previous day (Table 7 a), as is teen by the responses given to identical solutions. 


Solution 

2 

2A 

6 

5 A 
7 

7 A 
10 
10 A 

Filtrate A 
Filtrate 
6B 

Filtrate B 
2B 
2 

7B 

IK 

1 

IK 

IKDV 


Table 7b 


Volume 

Equivalent volume 

injected 

of original solution 

C.O. 

0.0. 

0-2 


1-0 

0*1 of solution 2 

20 

0*2 of solution 2 

1-0 


2-0 

1*0 of solution 5 

1-0 



2-0 

1*0 of solution 7 

1-0 



3-9 

2*0 of solution 10 

4-0 

2*0 of filtrate 

3-0 



60 

2*0 of solution 5 

6-0 

2*0 of filtrate 

60 

0*66 of solution 2 

0-6 



6-0 

2*0 of solution 7 

0-2 

0*2 of solution 2 

0-2 


0-4 

0*4 of solution 2 

0-4 

0*4 of solution 2 


Equivalent 



ephedrine 

hydrochloride 

Arterial pressure 
mm. Hg 


A 


uunccuibraiiion 

t 

k 

g./o-c. 

Base line 

BiM 

.6-0x10-* 

132 

21 

Trace only 

139 

16 



143 

22 

1-4 X I0-> 

141 

23 

3-1 X 10-* 

141 

17 

l-3xl0-« 

141 

17 

2-6 X 10-* 

136 

6 

1-3 X lO-' 

131 

14 

3-3x10-* 

130 

19 

1-0x10-* 

123 

Nil 

7-6 X 10-* 

120 

29 

None 

113 

Nil 

None 

105 

Na 

Trace only 

99 

66 

6-0x10-* 

112 

44 

None 

111 

Nfl 

- 

132 

19 


132 

21 


133 

33 

— 

135 

34 


(a 3) UUra-violet ahsorption of solutions from these two zones. Solution 1 was 
eight times filtered through kieselg^uhx, and 2-8 c.c. of this solution were 
exposed to ultra-violet light during the taking of an absorption spectrum. The 
exposed and imexposed solutions were tested on the same cat, to determine 
whether such exposure caused any alteration in the pressor activity of the 
solution, and the results are shown in Table 7b. The kieselguhr filtrate is 
lettered 1 K and the exposed solution 1 KU V. 

The ultra-violet absorption spectrum of solution 1 K was studied, a control 
solution being prepared from a blank charcoal eluate prepared as was solution 1, 
and being similarly filtered through kieselguhr. A 1 in 20 dilution of- 1 K 
(diluted with 0-9% NaCl) showed an absorption band at 2600 A. A solution 
prepared from the combined residual fluid of solutions 6-11 inclusive, and 
having an equivalent ephedrine hydrochloride concentration of 4-6 x 10~*g./c.c., 
showed no abso]y)tion band. These solutions were tested for pressor activity 
at the end of the ultra-violet examination. The base B solution was tested on 
a cat weighing 1-8 kg., prepared as before. 3-0 c.c. produced a rise in blood 
pressure of 66 mm. Hg from a base line of 108 mm. Hg. 3-0 c.c. of the 1/20 
dilution of 1 K gave a rise of 76 mm. Hg from a base line of 81 mm. Hg. 

In this column experiment, evidence is again obtained of the presence of 
two pressor bases in the steam distfllate from strongly alkaline urine con- 
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centrate. In. a series of comparable elnates, the dose required to produce a 
comparable pressor response, when iniected into a cat under cbloralose 
anaesthesia, &lls into tvro zones. The upper zone is short, and of great pressor 
activity; the lower zone is long, and has, for the same volume of charcoal, up 
to ^th the activity of the first zone. The pressor activity of the second zone 
roughly parallels the approximate colorimetric equivalent ephedrine hydro- 
chloride concentration of the solutions derived from it. This zone appears to 
extend into the final filtrate. The pressor compound in the first zone withstands 
benzoylation and readily gives an oxalate insoluble in ether. The pressor 
compound of the second zone is readily benzoylated, but is not readily 
extracted by ether from alkaline solution to give an oxalate insoluble in ether: 
the colour development with picric acid in toluene-chloroform mixture con- 
tinues parallel to the pressor activity throughout the processes of benzoylation 
and oxalate formation. 

[h 1) A comparison of the zonal adsorption of the bases A and B on blood 
charcoal columns in the presence and absence of free ammonia. In order to give 
more information about the effect of ammonia on the adsorption of these 
bases, and to show that there is no third base present in the final filtrate of 
the preceding experiment, the following experiment is recorded. 


42 L of normal htnnan mine were concentrated to 8-2 L, and the concentrate -waa cooled and 
filtered, and icas then steam distiUed in 200 c.c. fractions at pH 13 (IsaOH), the first 120 c.c, of 
distillate being collected from each fraction. The distillate was shaken with blood charcoal, 
0-5 g./250 C.C. The charcoal filtrate was concentrated slowly, in the manner ptevionsly described, 
to a voltrme of 168 c.c. and was filtered throngh kieselgnhr. The charcoal was eluted with 430 c.c. 
0-64% HCl, and after nentralizatioti. with XaOH was filtered throngh kieselguhr, the ficaj Tolnme 
being 442 c.c. The eluate and the concentrate were combined, and KaCl was added to 0-9%. 
Three glass tubea, length 18 in., diameter T mm., were filled with blood charcoal, and the solution 
was slowly run through, the receiver being ervacuated hj a water pump. The process took 48-54 hr., 
the suction being kept up for 4-6 hr, after the last drty. 


Tube 1. Blood charcoaL 90 c-c, of the fluid to which 4 c.c. cone, ammonia solution had been 
added. 

Tube 2. Blood charcoaL 120 c.c. of the fluid to which 9 c.c. cone, ammonia solution had been 
added. 

Tube 3. Blood charcoaL 100 c.a of the fluid, without added ammonia. 

After the fluid had passed through, the tubea were each separately cut up into segments 
the charcoal content of each segment being washed with 7-8 c.c. of water .into a numbered 
centufage tube. 0-3 c.c, 13% HCl were added, and the volume was brought to 10 c.c. The tubes 
^ rofled,_^d were heated in a boiling water bath for 5 min., and were then cooled, and suun 
The tube sides were washed down with 3 c.c. of water, and the spinning was reneated 
supernatant was filtered by suction, was nentralized to Htnms paper wfth^o, 
volume was brought to 15 C.C., and the solution filtered. ^ 

according to their corresponding segments, from the 


onLd \ i estimated for the colorimetric eqmvalent 

epbe^e bydiocblonde concentration as previously described. Each solution 
ttw t^d for pressor activity by intravenous injection into a cat under 
cbloralose anaesthesia. Tubes 1 and 2 were tested on a cat weighing 2-^4' 
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tufae^ 3 on a cat weigldng 3 kg. These cats were prepared in the manner 
previously described. The results are summarized in Table 8. 


Tabm 8 


Equivalent 



Length of 

ephedrine 

hydroohloride 

Volume 

Arterial pressure 
nun. Hg 


segment 

in. 

concentration 

g-/o.c. 

injected 

0.0. 


A 

Solution 

t 

Base Une Rise 



Cat, 2-2 kg. 




Tube 1; 1 

1 

6-3 X 10-* 

0-2 

83 

62 

2 

1 

6-2 X 10-^ 

4-0 

82 

48 

3 

I 

6-2 X 10-* 

4-0 

83 

36 

4 

1 

S-axlO-* 

4-0 

84 

39 

5 

1 

6-3 X 10-* 

4-0 

82 

39 

6 

1 

3-36 X 10-* 

4-0 

87 

31 

7 

1 

Trace 

4-0 

83 

10 

8 

1 

N^ative 

4-0 

73 

Na 

9 

Filtrate 

1-25 

Negative 

N^ative 

4-0 

6-0 

72 

89 

12 

Tube 2: 1 

1-25 

8-4x10-* 

0-1 

134 

60 

2 

• 0-76 

6-7 X 10-* 

4-0 

129 

36 

3 

1-0 

6-7 X 10-* 

4-0 

133 

60 

4 

1-25 

6-8 xlO-* 

4-0 

127 

69 

5 

0-76 

2-6 X 10-* 

4-0 

121 

30 

a 

I 

Trace 

4-0 

108 

Nil 

7 

1 

Negative 

4-0 

106 

Na 

8 

1 

N^ative 

4-0 

97 

NO 

9 

0-6 

Negative 

4-0 

89 

Nfl 

Filtrate 

— 

Negative 

5-0 

95 

39 

0-9%NaCl 

— 

— 

44) 

83 

Nil 



Cat, 8-0 kg. 




Tube 3: 1 

0-B 

2-36 X 10-* 

2-0 

88 

143 

2 

1 

1-2x10-* 

6-0 

86 

Nil 

3 

I 

11 xlO-* 



— 

— 

4 

I 

1-1 X I0-* 





— 

6 

1 

1-1 xlO-* 

— 

— 

— 

6 

1 

1-1x10-* 

— 

— 

— 

7 

1-5 

6-6x10-® 

— 

— 

— 

8 

1-5 

Trace 





— 

Filtrate 

— 

3-1 X 10-* 

100 

91 

113 


In tubes 1 and 2 of this experiment, the eluates of the first segment show 
very strong pressor activity. The dose required of the charcoal eluate of the 
second segment to produce a comparable rise of blood pressure is at least 
twentyfold, and this range of dose is maintained through the segments until 
the end of the pressor eluates. The disappearance of the pressor effect syn- 
chronizes with the disappearance of the colour test associated with the base B. 
A low-grade pressor activity was found in the final filtrates from these 
solutions ; these final filtrates before injection were neutralized with HCl, and 
were brought to theoretical volume, some evaporation having taken place. 
Their pressor effect was later shown to be due to the NH^Cl they contained. 
10 c.c. of a final filtrate, containing 2-2 mg. of ammonium nitrogen/c.c., gave 
a 30 mm. rise of blood pressure on intravenous injection into a cat under 
chloralose anaesthesia, this pressor response equating exactly with a similar 
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solution of in 10 c.c. 0-9% NaG. Other final filtrates -(vere similarly 

C^6clv6d. 

In the absence of added ammonia (tube 3), the adsorption of the first pressor 
substance, presumed to be the base A, proceeds in the first segment as before, 
but very little of the base B is adsorbed, the greater part passing into the 

final filtrate. ^ 

Eluates from a control blood charcoal tube treated vrith 0-9% l!laCl, and 
from another treated vrith 0-9% KaCl containing ammonia, vrere vrithout 
pressor activity. 

(b 2) The differentiation of these zones by benzoyhtion and by oxalate formation . 
In order to differentiate these zones more completely, the foUoiving procedure 
uas adopted. 

The solutions of tube 1, 1-5, were benzoylated. To 10 c.c. of each solution 0-1 g. NaOH vrzs 
added; and the solution ■was cooled in ice. Smali drops of benroyl chloride 'Crete added every 
3 min., vigorous shaking being maintained. After the addition of -1-5 drops, the solution "was 
just alkaline to litmus. It ■eras centrifuged, the supernatant fluid decanted, and warmed on a water 
hath to destroy anv residual benzoyl chloride. After it had been cooled and made just add to 
litmus with HCl 6% , the solution was put in the ice chest for 2 hr., and -was then filtered by 
suction. The filtrate was neutralized with NaOH, and diluted to 15 c.c. These solutions were 
numbered according to their original segments, but ■with the suffix B. ' 

The solutions of tube 2, 1-5, ■were made alkaline by the addition of 0-1 g. NaOH. Each solution 
was three times extracted with 6 c.c. ether, and the ether extracts from each solution were 
separatelv dried for 12 hr. over anhydrous sodium sulphate. The ether ■was decanted, and ■was 
treated ■with a saturated solution of oxalic add in ether. Any predpitate forming was spun down, 
the supernatant fluid ■was decanted, and the tube ■was drained and dried, the predpitate being 
taken up in 10 c.o. 0-9 % NaCL Such solutions ■were numbered according to their original column 
and segment, but ■with the suffix A. 

These solutions were tested for pressor activi'ty on cats prepared as previously 
described, and tbeii colorimetric equivalent epbedrme bydrocbloride con- 
centrations were determined. The results are summarized in Table 9, and 
some of the responses are sbo'wn in Fig. 5. Tbe results of this column experi- 
ment, tberefore, confirm those of tbe last experiment, but show in addition 
that, whereas the base A of the upper zone is adsorbed in tbe presence or 
absence of free ammonia, tbe base B of tbe second pressor zone is adsorbed 
appreciably only when free ammonia has been added. The possible presence 
of a third pressor compound in the filtrate from the first experiment is excluded. 

Both these experiments show the adsorption of two pressor bases, separated 
into two fairly weU-marked zones. Tbe npper zone is short, and of great 
activity. The lower zone is longer and of lower activity. The pressor activity 
of this zone is closely paraUeled by the equivalent ephedrine hydrochloride 
concentrations of the solutions derived from it; and in the second column 
experiment the end of this zone coincides with the disappearance of the 
colonr-pr^ucmg compound. In each experiment the colonr-prodncinn 
compound is seen to extend upward throughout the first zone, but a com- 
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parison of the pressor dose with the colour equivalent shows that in this sore 
the pressor effect is not associated with the colour-producing compound; 
moreover, after benzoylation there is complete disappearance of both the 


Solution 
Tube 1: 1 B 
2B 
3B 
4B 
6B 

Tube 2: 1 A 

2 A 

3 A 
4A 
BA 



S 


5s»c. 


Equivalent 
ephedrine 
hydro chloride 
concentration 
g-/o.c. 

6-7 X 10-« 
N^ative 
Negative 
Negative 
Negative 
1-3 X KM 

1-1 X KM 

1-1 X 10-* 
1-6 X 10-* 

■ Negative 



Table 9 



Arterial pr^sfliire 


Volume 

nun. He 


injected 

A 

t 

1 . 

Cat wt. 

c.o. 

Base line 

Rise 

kg- 

7-6 

128 

114 

3-0 

10 

119 

Nil 

— 

10 

117 

Nil 

— 

10 

108 

Nil 

— 

10 

121 

Nil 

' — 

0-6 

122 

58 

— 

10 

84 

121 

2*75 

8-0 

80 

Nil 

— 

8-0 

go 

Nil 

— 

80 

56 

Nil 

— 

8-0 

61 

Nil 



b 

c 





JFTg. 5. The traciags show the responses to the injection of the following solutions: a, 7-6 o.o. 
of 1 B, tube 1; 6, 10 o.o. of 2B, tube 2; c, 0-6 c.c. of 1 A, tube 2. Time and signal as in Fig. !• 


colour-producing compound and the pressor activity from the second zone, 
but in the first zone there is almost complete disappearance of colour pro- 
duction without loss of pressor activity (Table 7 b). JExtraction by ether from 
alkaline solution, followed by precipitation and resolution of the oxalate, is 
complete for pressor activity in the first zone, but very little colour-producing 
compound has survived this treatment; in the second zone the results are 
variable, but the pressor activity is again parallel to the intensity of colour 
production. An absorption band at 2600 A. is found in a solution from the 
first zone, but not in solutions from the second zone. No attempt was made in 
these experiments to correlate the height of this band with the pressor activity 
of solutions from the first zone, but it was shown that exposure to ultra-violet 
light in the process of taking an ultra-violet absorption spectrum did not alter 
the pressor activity of the solutions. 
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Further experiments of this type showed that, were the steam distillate from 
alkaline urine concentrate treated with charcoal, in the manner previous y 
described, columns through which the neutralized charcoal eluate with added 
ammonia had been passed showed the same two zones, hut the second zone 
was short-, were the concentrate of the charcoal filtrate alone passed through, 
a single zone, corresponding to the second zone, was found. 

Throughout the above experiments urine was collected in toluened pails 
with lids-, these pails were changed 2—3 times a day, and the nnne was worked 
within 16 hr., or discarded, but no attempt was made to use only sterile urine. 
In order to determine whether or no the presence of these two bases could be 
attributed to bacterial action, the following experiment was performed. 


6. The presence of the two bases A and B in the steam distillale of urine-made 
strongly alkaline with caustic soda, and under conditions ensuring the absence 
of bacterial activity 


Fresh normal human urine, passed between 8 a.m. and 9 a.m., was collected 
into clean heavily toluened pails. Evaporating pans, flasks, and aU apparatus 
to be used were heated in a hot-air oven at 130® C. for not less than 30 min. 
immediately before use. A sample of the mixed urine was transferred by 
sterile pipette to a sterile flask. This sample was delivered at 9.30 a.m. to 
Dr E. F. Gale (Biochemical Laboratory, Cambridge), who very kindly cultured 
it for me. The cultures were made on a glucose casein-digest marmite medium, 
and were incubated at 37® C. Three experiments were carried out. No organisms 
grew firom the urine sample in the second of these experiments, and this is the 
experiment reported. 

I The experiment was begun at 9.30 a.m. The urine was at once concentrated 

I on a water bath at 85° C. When concentration was completed to approximately 
^ vol., the concentrate was at once steam distilled in 200 c.c. fractions at 
pH 13-0 (NaOH) without cooling or filtration. Six fractions were run simul- 
taneously, 120 c.c. of distillate being collected &om each 200 c.c. fraction, 
and the process took less than 2 hr. The distillate was collected in sterilized 


bottles containing blood charcoal, 0-5 g./250 c.c., and was mechanically shaken, 
and atered. The filtrate was at once concentrated by the method previously 
described. The charcoal was immediately eluted by boiling with 0-64% HCl- 
the filtrate was neutralized and filtered, and was then shaken with 0 2 e. of 
Mer’a earth (S.S.A.F.E.). The fuller’s earth was elated with aqueous alLli 
the eluate was extracted with ether, and the ether extracts were dried over’ 
mght over anhydrous sodium sulphate. The ether was decanted next mominn 
a shght excess of a solution of oxalic acid in ether was added, and the nre- 

20 c.c. 0-9% NaCl. This solution was sterilized by gentle boibnu 

bought ^ 0.1, io* w™ ioiecti,., J, Z: aLZ 
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filtrate* concentrate, NaCl was added to 0*9 %. This solution was tliree time 
shaken with blood charcoal to ensure the complete removal of the base A, anc 
was then sterilized by boiling, and was stored in the ice chest until the foUovinj 
morning. This process ' was completed soon after midmght. The cat w 
prepared at 9.30 a.m. the following day. 

Both bases were found to be present in normal amoimt. From 10-3 L o 
human urine 27 doses of the base A were obtained as the crude oxalate, a doJ 
being that equating with 26 /xg. of adrenaline tartrate, and 6 equi-pressor dose 
of the base B were obtained. The pressor activity of these solutions wm 
determined on a cat weighing 2-2 kg. and prepared in the manner previo 7 
described. 

Discussion 

Abelous & Bardier [1908] found in human urine a highly active pressor 
which was not precipitated by basic lead acetate. This base could be extrao 
by ether from alkaline solution, and gave an oxalate insoluble ^ ® 
Solutions of this base gave no colour reaction with ferric chloride. ^ ® , 

points the 'nrohypertensin’ of Abelous & Bardier resembles the as 
described in this paper. Abelous & Bardier found, however, that ^ uro y^ 
tensin ’ was not precipitated when urine was saturated with mercuric c 
In an experiment reported in this paper, the base A was completely precipi 
by mercuric chloride. Abelous & Bardier state that uiohypertensm is ^ 
found in dog urine. In experiments to be reported in a later 
has been found in the urine of bitches in amount comparable with m 
human urine. The base B, so far as I am aware, has not been detected he 

Bain [1916] reported the finding of isoamylamine in human urine, i a 
not yet been able to find isoamylamine in urine, be it fresh or sta e, 
or infected. 

SUMMAKY 

1. Two pressor bases are shown to be present in the steam distillate fro 
urine concentrate made alkaline with caustic soda. 

'2. Some account is given of the properties of these two bases. 
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ACTION OF ACETYLCHOLINE, ATROPINE AND ESERINE 
ON THE CENTRAL NERVOUS SYSTEM 
OF THE DECEREBRATE CAT 


By I. CALMA ajtd SAMSON MTRIGHT, From the Department of 
Physiology ^‘Middlesex Hospital Medical School 

{Received 25 November 1943) 


The investigations carried out in recent years by different groups of vrorkers 
[Schweitzer & Wright, 1937 6, c; Schweitzer, Stedman & Wright, 1939; 
Kremer, Pearson & Wright, 1937; Kremer, 1942; Bonnet & Bremer, 1937; 
Torda, 1940; Bhlbring & Bum, 1941] have proved conclusively that both 
acetylcholine and eaerine have a direct action on the central nervous system 
in various species (man, dog, cat, frog, toad). There are, however, considerable 
differences in the results obtained in different species and on the different 
preparations employed. Thus, Schweitzer & Wright [1937 b, c], working on 
the knee jerk of cats imder chloralose anaesthesia, found that acetylcholine 
produced generally a transient central inhibition (intensified by eserine), 
though sometimes an initial stimulation was observed. Bulbring & Bum 
[1941], working on the isolated perfused spinal cord of the dog, obtained 
with acetylcholine a motor discharge from the resting spinal cord; the knee 
Jerk showed traMient depression followed by stimulation, and the flexor 
reflex was potentiated. Kremer [1942] injected acetylcholine intrathecally in 
man in doses from 2 to 600 mg. without result, though, when the drug was 
administered together with subliminal doses of prostigmine, it depressed 
muscle tone and reflexes by a central action. Turning to eserine, Schweitzer 
& Wright [1937 b, c] found that the drug markedly increased the knee jerk' 
and produced convulsions in chloralosed cats. Bulbring & Burn [1941], on 
the contrary, obtained with the isolated perfused spinal cord of the dog 
depression of the knee jerk, and potentiation of both the motor and inhibitory 
effects of acetylcholine. We have examined the actions of acetylcholine, 
atropine and eserine on the central nervous system in the decerebrate oat. 

Methods 


m preliminary procedures were carried out under ether-chloroform anaes- 
thesia. The sciatic nerves to both hindlimbs were cut high- up to exclude 
oentml effects on the flexor muscles. Driljs were pW into the npner and 
loree, ends ot both temnis. The left enbclavian artery „„ isolatod and ite 
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brandies to tbe musdes of the foreltmbs, the costocervical artery and thyro- 
cervical axis were tied; tbe only branches left open were the internal mammary 
and vertebral arteries. Injections of acetylcholine were made into the central 
end of the subclavian artery so prepared; eserine was injected intravenously. 
In analysing the site of action of the drugs (whether central or peripheral) 
two procedures were employed: (a) the contralateral quadriceps mnsole ™ 
denervated; (b) the hindlimbs were made ischaemic by clamping the abdo- 
minal aorta, usually after preliminary ligation of its branches below the renal 
arteries, as described by Schweitzer & Wright [1937 c]. After oompletmg 
these measures, the cat was decerebrated at the level of the anterior colliculi 
and allowed to rest for 1 hr., so that the anaesthetic might be eliminated. 
Tension changes in the quadriceps muscles were recorded by connecting the 
ankle by means of threads r unnin g over pulleys to Sherrington torsion lever 
myographs. The knee jerk was elicited by the electrically operated device of 
Schweitzer & Wright [1937a]. Acetylcholine solutions were made up in 6% 
NaHgPO^ and diluted before use in acid sahne (pH 4-4‘5). Control injections 
of the acid sahne alone, either intra-arterially or intravenously, had no effect on 
the nervous reactions studied. 

Eesults 

Action of acetylcholine on quadriceps muscle tone 
Acetylchohne injected intra-arteriaUy into the central end of the subclavian 
artery increases the tension of the unstimulated innervated quadriceps muscle 
(Figs. 1, 2). The dose producing the response is 25-100 pg. The effect comes on 
almost without detectable latent period; the tension rises abruptly to a degree 
which varies considerably in different preparations. The maximum response 
recorded showed a tension of 1-7 kg. above the base-line tension due to the 
decerebrate rigidity itself. The relaxation phase may be completed rapidly 
in 10-20 sec. or be more prolonged (40-60 sec., or even up to 120-150 sec.). 
There may be an initial phase of extensive rapid relaxation followed by a 
drawn-out phase in which the relaxation gradually becomes complete; or 
relaxation may proceed uniformly in step-like falls with intermediate short 
plateaux; or intermediate curves may be obtained (Kg. 1 A-D). Ho tension 
change whatsoever takes place in the denervated contralateral quadriceps. 
The rise of tension coincides with the imtial rise of arterial blood pressure, 
which is mechanically produced by the injection of fluid into the circulation, 
the muscle-tension peak is attained before the fall of blood pressure due to 
the acetylcholine sets in. There is no relationship between.the degree, duration 
or general pattern of the blood-pressure fall or the rate of recovery and the 
character of the relaxation curve of the quadriceps. Eespiration is often 
stimulated, becoming deeper and faster [Schweitzer & Wright, 19376], and 
over- ventilation may outlast the changes in the quadriceps; the respiratory 
response does not seem to influence the reaction of the quadneeps. 
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In addition to the response in the hindihnb, a widespread reaction is often 
lyol^ving, m the forelimbs, increased extension at the elbow and 
the shorfde^; ,l.e tnmi „ay be thrust into opisthoZ" the 
animal takmg np a posture of ‘ exaggerated ’ decerebrate rigiiStr. 


120 


50 itq. 

Act: 


i 


92/ 


I Ach. 


tie- 1. Cat, Decarebrate. Sciatic nertta oat Re™ ^ ® 

p™™, oTSsrirnrrj? 

cfb;r““ ”” ■ r„thZp 

nhicl, M of blood preM°“ the dose 

'» a large dose of .00^^./^ M"re 

’ Ti^tropiimred 
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animal. Equal doses of acetylcholiue injected intravenously (into the jtignlar 
vein) elicited smaller or no responses in the quadriceps muscle. 

The quadriceps changes described can be readily proved to he due to a 
discharge from the anterior Lorn cells of the spinal cord." 

(1) They are absent in the denervated quadriceps, 

(2) They are obtained unchanged when access of the drug to the quadriceps 
is prevented by cutting off the blood supply 

to the hindlegs. 

(3) As explained, they are not related to 
the associated circulatory and respiratory 
changes, but depend on the concentration of 
acetylcholine reaching the central nervous 
system. 

It may be concluded that tlie .drug acts on 
elements in the central nervous system, 
leading to increased motor-cell activity. The 
response is of the ‘d’embl6e' type (like the 
flexor reflex), but the duration of activity in 
the neurones which are initially excited pre- 
sumably varies considerably, thus accounting 
for the gradual relaxation and the different lOO 
types of relaxation curve. 

Action of acetylcholine on the hneejerk 
If acetylcholine is injected intra-arterially 
while the knee jerk is elicited from one limb, 
the other showing decerebrate rigidity only, , 
both quadriceps muscles initially react in the 
same way by the rise of tension already 2. Cat, 2-6 kg. Decerebrate, Soi- 
described (Fig. 2). The rise of tension pro- atio nerves cut. Eecords trom above 

duced by tapping the patellar tendon above downwards: knew jerk elicited from 

the new, raised, level of quadnceps . tone is i^^erva^nnWimnlated left quadri- 
diminished initially and may be abolished. peps; blood pressnre; signal; ttmo 
As the quadriceps relaxation phase sets in, lO sec. At signal, 60/ig. of acetyl- 
the knee jerks become progressively bigger, into the central cn 

and may, rarely (as in Fig. 2), become greater 

than before the injection. These changes are central in origin, and are also ob- 
tained after cutting off the blood supply to the hindlimbs. This type of result 

presumablydepends on central occlusion. The motor-neuronepool (supplying the 

quadriceps) which is stimulated by the injected acetylcholine, initially includes 
all (or most of) the anterior horn cells stimulated during the knee jerk. At 
this stage therefore no (or small) summation of the acetylcholine contraction 
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and tte knee jerk takes place. As the acetylcholme effect 'wears off, the 
occlnsion becomes partial; some of the cells of the knee jerk motor-neurone 
pool temain under sustained acetylcholine stimulation, -while others are only 
activated during the knee jerk itself. The later-potentiation may represent, 
perhaps, a residual acetylcholine ‘subhminal’ effect. 

Effect of atropine on the responses to acetylcholine 

Atropine in doses’of 1 mg. annuls the central response to acetylcholine; 
the effect reaches its maximum gradually over a period of 10 min., and then 
this depression gradually wears off over the next 30-h0 min. The results of 
a typical experiment are illustrated in Fig. 3; (A) shows the type of response 
obtained prior to atropine. After 5 min., (B), when the depressor action on 
the circulation was almost completely annulled, repetition of the intra-arterial 
iniection of acetylcholine produced a central effect, which, though little 
diminished in magnitude, was very transient in character. At 8 min., (C), 
the response was almost completely abolished, though the general level of 
blood pressure and the circulatory reactions were similar to those observed 
at 5 min. At 15 and 25^min., (D) and (E), recovery was progressively taking 
place. At 50 min., (H), the central motor response mitiaUy exceeded the pre- 
iniection level; the duration of the response was, however, still considerably- 
diminished. K the total area of the myogram curve is taken as a measure of 
the total motor-neurone discharge under the influence of the drug, then even 
at this late stage some depression by atropine of the central stimulating 
action of acetylcholine is still evident. Sometimes, 1 hr. after the injection, 
spontaneous changes in muscle tone set in, consisting of fluctuations rising 
above the base-line. These effects of atropine are centrally produced, as the 
doses employed do not modify the response of the denervated muscle to 
acetylcholine, when appropriate amounts of that drug are ^ven by the method 
of close intra-arterial injection. Though atropine nltimately the action 

of acetylcholine, both on the central nervous system and on the circulation, 
the time course of the effects differs considerably in the two systems. 

Action of eserine on quadriceps muscle tone 

AH the experiments were carried out after the injection of atropine (1 mg.). 
Positive results on injection of eserine (doses up to 4 mg.) were obtain^in 
only one-third of the cases &om the innervated quadriceps. Two types of 
response were observed; ^ 

( 0 ) There may be a gradual progressive step-like increase in tension setting 
m after a latent period of 1-2 min. and reaching its maximum about 4-6 min 
^er. Relaxation is likewise very slow and may be incompleth after 10 min' 
(tig. 4). In these cases, esenne (unlike injected acetylcholine) is graduaUv 
PH. cm. •' 
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‘recndting’ motor-neuiones into the pool of "actively discharging cells; the 
duration of the discharge likevrise varies greatly in different mo r-n . 

(b) On the other hand, after a similar latent period, the tension may r^e 
rapiW to its peak, the rise being accompamed hy convulsion Fi„s ). 
The rllaxation phase may then proceed as in (a), and the dechne of to e 
may be accompanied by the persistence or the appearance of convulsive 
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Fig. 4. Cat, 3*5 kg. Decerekrate. Sciatic nerves cut. Atropine 1 mg. , Records from above 
downwards: tension of left innervated quadriceps; tension of right innervated quadriceps; 
blood pressure; signal: time 30 sec. At signal, inject 4 mg. of eserine intravenously. 


movements. The maximal tensions recorded have been about 0-5 kg. above 
the pre-injection level. The blood pressure usually rises to a moderate extent 
(e.g. up to 40 mm. Hg) after a very brief latency; sometimes, ivith the later 
onset of com'ulsions, 'a further rise may take place., Kespiration is commonly 
markedly stimulated. Extension of the forelimhs may occur; micturition or 
defaecation may be induced. 

On repeating the injection of eserine it is unusual to get a further motor 
response; positive reactions to a third injection are still rarer. 
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Tte changes in muscle tone and the convulsions are due to an action oi 
eserine on the central nervous system. They are.unrelated to changes in blood 
pressure or respiration; they are not observed in the denervated limb; they 
are observed without essential differences if access of the drug to the limb is 
prevented by suitable occlusion technique (Fig. 6). 

These responses to eserine, it must be remembered,- took place in tke 
presence of full doses of atropine. 


r2oo 9. 


t 


Right Innervated leg. 


j 

Left denervated leg. 




Fig. 6. Cat, 3-0 kg. Decerebrate. Sciatic nerrea cat. Atropine 1 mg. Records 

downwards: tension of right Innerrated quadriceps; tension of left denervated quadnccps, 
blood pressure; signal; time 30 sec. At signatjnject 1 mg. of eserine mtravenously. 


Discussio.v 

The resulte described rrith acetyleholiBe on mmole tone are essentially the 
same as those obtained by BlUbring 4 Bum [IMH <«> *1' ■“'«,« j 

spinal cord of the dog. Shbweitrer 4 Wright [1937 e] somet.mm not d 
an initial stimulation of the knee jerk in the ehlotnlosed eat, but them mam 
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finding -as iBbibitioB. In'tMs series of e^eriments -e observed no de- 
pression of tbe redex arc of tbe knee jerk by acetylcbobne 
^ Atropine annuUed tbe central excitatory effects of acetylcbobne as it^^ 
been o^erved previonsly to annnl tbe central inbibitory action of tbe dm,. 



Bight Icrerrmtea leg- I 



Fig. 6. Cat. 3-0 kg. Decerebrate. Sciatic nerres cat. All branches of the aorta belorv the renal 
arteries tied. Clamp on abdominal aorta throughout. Atropine 1 mg. Records fiom abore 
dotvn^rards; tension of right inserrated quadriceps; tension of left denervated quadriceps; 
blood pressure; signal; time 30 tec. At A, 0-75 mg. histamine injected intramnscolatly into 
one leg to test the degree of ischaemia of the limbs. At B, 2 mg. of eserine injected intra- 
Tenously. 

Tbe ontstanding featnre of tbe results — itb eserine —as feheit nnpredicta- 
bibty, in tbe sense tbat, in many experiments, no changes in muscle tension 
—ere piodnced. In the cat, nndet cbloralose anaesthesia, eserine. prodnces 
marked and even violent excitatory responses in tbe great majority of experi- 
ments. It seems, therefore, that cbloralose in tbe cat considerably potentiates 
the central excitant action of eserine. There is evidence that eserine may 
^ve a central depressant action; Scb-eitzer &: Wright [19376] found an 
initial central inbibitory action in a fen cbloralosed cats; this effect -as on 
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occasion marked and prolonged, but was followed by the usual excitation. 
Biilbring & Bum [1941], working with the isolated perfused spinal cord of 
the dog and Merlis & Lawson [1939] with chloralosed dogs, found that eserine 
inhibited the knee jerk. It is conceivable that some balance of central in- 
hibitory and excitatory actions may account for our many negative results 
with eserine; but we must confess that we never observed a pure mhibitory 
response in this series. We feel that, at this stage of our knowledge of the 
pharmacological action of acetylcholine and eserine on the central nervou 
system, care should be taken to avoid general conclusions based on a singl 
species, or on experiments carried out under one set of conditions. It i 
probable that the species, the preparation, the anaesthetic employed, th' 
response studied and other imdefined factors may play a part in detennininj 
the ultimate effect observed. 

SuMMAKY 

1. The action of acetylcholine, atropine and eserine was studied on th( 
decerebrate cat. 

2. Intra-arterially injected acetylcholine (25-lOO^g.) causes' a dischargf 
from the central nervous system, resulting in an increase of tone in the inner 
vated quadriceps. A. similar increase in tension was also observed in th( 
quadriceps from which the knee jerk was elicited. 

3. Atropine at first abolishes or diminishes the response to acetylcholinf 
for a period of 45-60 min.; later ‘spontaneous’ changes in tone may occur. 

4. Eserine is excitatory to the central nervous system of the atropinized 
decerebrate cat in a number of cases, although its action is irregular and 
unpredictable. 

6. Attention is drawn to the striking differences in the action of these 
drugs in different specieSj in different preparations and under different 
anaesthetics. 
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STIMULUS INTENSITY IN RELATION 
AND PRE- AND POST-EXCITATORY 

ISOLATED ELEMENTS OF MAMMALIAN RETINAE 

By RAGNAR GRANIT, From the Neurophrjsiological Laboratory, 
Earolinska Insliliitet, Stockholm 

(Received 25 AoBember 1943) 

Since the demonstration of inhibition in the whole optic nerve by Granit & 
Thetman and in single hbies of the frog’s eye by Hartline [1938], it has 
been evident that the primary effect of illumination of the light receptors 
emerges in the optic nerve, after passage through the synaptic layers, in the 
shape of complicated patterns of excitation and inliibition. Such complications 
do not occur in the simple non-synaptic retina of the horseshoe crab lAmulus 
[Hartline & Graham, 1932] where the discharge — just as in other sense organs 
— is an even flow of impulses, at higher intensities of stimulation interrupted 
by a brief silent period. 

In the frog’s optic nerve inhibition — ^below to be termed pre-excitatory 
inhibition — ^is present in its purest form in about 30% of the fibres which 
merely respond with an off-effect when the stimulus is withdrawn and which 
always are completely inhibited by illumination. Pure excitation is present in 
less than 20% of the fibres; these respond with an even flow of impulses as in 
Limulus ; in other, words , they are elements which behave as if they merely had 
transmitted the primary excitation pattern of the initial receptor mechanism. 
But the majority, more than 50%, are of the combined excitation-inhibition 
type responding with both on- and off-discharge. The on-off response is there- 
fore the typical and characteristic discharge in the single fibres of the frog’s 
optic nerve. The percentages given are from Hartline’s work in which the types 
described also were found to be stable. 

In the course of work on colour reception with mammals [summarised by 
Granit, 1943a], I have had occasion to observe a large 'number of isolated 
fibres in the optic nerves of, particularly, cats [Granit, 19436] and guinea-pigs 
[Granit, 1942], the former a mixed (rod-cone) eye with impressive rod do^- 
nance, the latter a pure rod-eye. These observations have later been supple- 
mented with a number of systematic intensity series in the two states of 
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adaptation. These two' types of retinae were very different, both ithen com- 
pared with each other and when individually compared with the frog’s eye. 
In particular, the inhibitory phenomena, which in an interesting manner con- 
nect this field with general neurophysiology, turned up with new.aspects. Tliis 
work is a presentation of the results. 

Method 

The cats were decerebrated, the gmnea-pigs anaesthetized with 20 % urethane 
(4-6 C.C.). In some experiments rats were used [cf. Granit, 1941]. After deceie- 
bration the cats were also given a small dose of urethane (about 10 c.c.) to keep 
eye movements in check. Cornea and lens were removed and a platinum wire 
micro-electrode, isolated with glass down to the tip, was inserted under a 
binocular preparation microscope with the aid of a micromanipulator. Leads 
were taken to amplifier, cathode ray, and loud-speaker in the usual manner. 

In the standard experiments the animals were dark-adapted (scotopic 
animals) and the whole eye stimulated with a lamp at 892 m.c. with an energy 
distribution corresponding to 2,800° K. Ilford neutral filters and a neutral 
wedge were used for weakening the strength of this stimulus. Light-adaptation 
(photopic animals) for 10 min., when needed, was carried out with the lamp 
mounted in the preparation microscope (2,400 m.c.). This light was also some- 
times used as maximal stimulus. 


EesuiiTS 

1. Tlie guinea-pig’s retina 

All three mammals studied in the colour work (cat, guinea-pig, rat) share the 
property of having very few fibres that could he characterized as pure off- 
elements. Agamst the 30 % of such elements in the frog’s eye stand 1 or 2 % , 
as a rough estimate, in the mammals studied. These pure off-fibres generally 
have had very high thresholds, in the neighbourhood of 1000 m.c. 

The pure rod-eye of the guinea-pig differs from the mixed retinae of the cat 
and the frog in that the great majority of the isolated spikes belong to the pure 
excitation type, illustrated in Fig. 1. The discharge is an even flow of impulses, 
as in the eye of Limulus, at higher intensities often, though not always, inter- 
rupted by a silent period after the initial high-frequency start. These elements 
are of two types ; (i) the upper type, illustrated in a, responds precisely as the 
Limulus fibres, with high initial frequency and little or no after-discharge; in 
the lower type, illustrated in b (continued in third record), the discharge ends 
with an after-discharge which in this case is particularly well developed. The 
same element responds in c after light-adaptation. A typical effect of light- 
adaptation is the shortening of the after-discharge. The diminution of spike 
height in the middle of the record is probably caused by a minute eye-muscle 
contraction. The after-discharge in' record b should be clearly distinguished 
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from an off-effect {see Fig. 8). The latter represents a real increase in frequency 
of the discharge at ‘ off’ and is wholly or temporarily inhibited by 
tion The after-discharge, however, is a gradual disappearance of the effect of 
the stimulus. It is uninfluenced by re-illumination unless the pause of darkness 
is long enough for recovery of the element and fresh on-discharge. 

These pure on-elements, which respond with a continued discharge as soon 
as stimulus intensity is sufficiently high, form about 90% of the elements in 
the guinea-pig’s eye. The rest of the elements- are practically all of them on-off 
elements' such as those in the cat’s eye, but responding within a considerably 
smaller frequency range. 
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Hg. 1. Micro-electrode record from the optic nerve of the guinea-pig serving to illustrate pure on- 
elements giving continuous discharge. Light signal and time in l/50th sec. above each record 
in this and all figures to follow: a, scotopic retina and element responding to 12-3 m.c.; 6 and 
c, from another experiment, 5 scotopic, c photopic, in both cases responding to 18-2 m.c. 
See text. 

The characteristic relations between stimulus intensity and impulse fre- 
quency are illustrated in Fig. 2 for four such on-elements in the dark-adapted 
state (fiUed circles), the lowest, D, over a range of 6 logarithmic units. The 
variations in the absolute tlireshold probably depend upon the degree of 
anaesthesia, which is difficult to control as animals react very differently. The 
uniform results are; that the variations in impulse frequency take place over 
a range of about 1-100 impulses per sec., and that the curves very soon cease 
to rise with increasing intensity, some even bending down at intensities of a 
relatively moderate order of magnitude (1000 m.c.). 

The elements B, C and D were light-adapted and the same experiment 
^eated (empty circles). Light-adaptation pushes up the threshold so that the 
frequency range of up to 100 impulses per sec. is compressed within a smaller 
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intensity range. In B light-adaptation was continuous and merely interrupted 
for a few seconds during which the test stimulus at different intensities to 
introduced. In the curve marked ‘circle with cross’ each observation followed 
1 sec., in the other one (empty circles) 2 sec. after cessation of the light- 
adapting stimulus. 
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Kg. 2. Guinea-pig. Micro-electrode. Frequency of the discharge of isolated elements plotted ii 
impulses/seo. against log intensity in meter candles. A, scotopio; upper curve initial tw 
quency, lower curve fiequency counted after silent period or corresponding interval. B, n « 
circles scotopio, open circles photopio (see text). In this and the following eurves ordinate 
= initial freq. Frequency of spontaneous activity, when present, indicated by horizonta 
lines, separately for scotopio and photopio state. C and D, separate experiments marhco 
as in B. 


“The effects of light-adaptation may now be briefly summarized; (i) after- 
discharge is reduced, (ii) threshold increased, (iii) on an average, the fre- 
quency-log intensity curves would probably also rise at a slightly steeper 
gradient than in dark-adaptation. 


2. The cat’s retina 

General observalivns. The cat’s retina proved to be a far more complex organ 
than that of the guinea-pig. Some 20 % of the elements are of the pure excita- 
tion on-type, described above for guinea-pigs. But their upper frequency limit 
■ is higher than in the guinea-pig. The rest of them are of the on-off type. These 
behave in a complex manner when stimulus intensitj' is varied. 
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In both cats and guinea-pigs some spontaneous activity is cominon in the 
spike located by the electrode. They differ in this respect from the frog, m 
^rhich spontaneous activity is less marked, though it often turns up after some 
dark-adaptation. This slow spontaneous activity can be made very useful for 
the experimenter; inhibitory phenomena, which otherwise would be un- 
suspected, are recognized by the decreased or fully inhibited spontaneous 
rhythm. In order to illustrate this, Tig. 3 should be consulted. The mtensity is 
increasing downwards and the numerals on the right indicate the densities of 
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Fig. 3. Cat. Isolated spontaneonsly active dement responding to doirnwards increasing in- 
tensities. The numerals to the right show the extinction (densities) of the filter-wedge com- 
hination used in front of a light of 892 m.c. Owing, partly, to some light-adaptation caused 
by stronger stimuli the spontaneous rhythm decreases downwards. 

the filter-wedge combination in front of the 892 m.c. stimulus. In the two 
lowest pictures (1-38 and 0-09) the spontaneous frequency has decreased some- 
what, due to a protracted inhibitory after-effect of the strong stimuli used. The 
rate of discharge in the on-effect increases continually downwards and reaches 
frequency values around 300 per sec. The frequencies but rarely surpass this 
figure though individual receptors have reached 100. The off-effect behaves in 
a very comphcated fashion. The frequency first increases slightly above the 
spontaneous rhythm, then diminishes, rises a second time (at density 1-38) and 
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is finally completely blocked at tbe highest intensity. The pause in the spon- 
taneous rhythm shows that it then is actively inhibited. 

Another element is shown in Fig. 4. In this case there is very little spon- 
taneous activity. The on-effect increases in frequency downwards, reaches a 
maximum, decreases (at density 3-01) and in the final lowermost record at the 
highest intensity, the whole on-discharge is very much delayed, as if somehow 
it had managed to escape aij initial inhi bition. The off-effect increases in 
frequency vmtil a maximum is reached at density 3-01 and then slightly de- 
creases at the maximal intensity. This type of element is very common in the 
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Fig. 4. Cat. As in Fig. 3, but another experiment with another type of onmff element. 

cat’s eye, probably the most common type. In the background of the same 
record is seen a brief initial discharge of short latency, caused by other ele- 
ments less well localized by the micro-electrode but sufficiently many to give 
a small group of spikes of brief latency. This is often noticed. 

Intensity-frequency curves for the two states of adaptation. Some experiments 
on the effect of stimulus strength upon the frequency and the total number of 
impulses at ‘on’ and ‘off’ have been quantitatively analysed in Figs. 6 and 6 
for the two states of adaptation. Light-adaptation of the animal (wide open 
pupil) has been achieved with the aid of the lamp (2,400 m.c.), used for in- 
sertion of the micro-electrode. There is a full description of the experiments in 
the figure texts. In Fig. 6 B the two lines parallel with the abscissa represent 
the frequency level of the spontaneous activity of the spike studied. The broken 
horizontal line refers to light-adaptation, the line drawn in full to dark- 
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J 4.^ TTiT,= xr>iPntlie curves go beloTT these lines ttere is active inhibition 

adaptation Thus when g compared with the much 

and toiibition pl.^ a much gra.tei lole m tliis mied letiBa ttan m the gmnea- 

These t.o te^ ate eadl, — d 

By fost-excitatory inhibition is meant the kind of inhibition that follows after 



Fig. 5. Cat. Freqaenoy of discliarge of isolated elements plotted in impulses per second (initial 
&eq.) against log intensity (m-C.). Light- and dark-adaptation compared for two elements 
(A and B). Scotopic oa-discharges=semi-fined circles; scotopic off-discharges =filled circles; 
photopic on-discharges = open circles; photopic off-discharges = circles with double contonr. 
Spontaneons freqnency present for element B and marked I 7 horizontal line in fhU (scotopic) 
or interrupted (photopic). 


excitation (by light) and which leads to suppression of spontaneous activity 
and off-effect, if an off-effect has been present at some lower intensity level. 
This kind of inhibition is common in the retinae of both cats and guinea-pigs, 
perhaps more common in the latter. It is illustrated in Fig, 3; lowermost 
record, and in Fig. 5 B it is seen to press the intensity-frequency curve for the 
off-effect in the dark-adapted state below the level of spontaneous activity (in 
the region of about 1 m.c.). Post-excitatory inhibition thus cuts down after- 
effects of excitation which ptherwise may have occurred. In Fig. 7 post- 
excitatory inhibition is illustrated'for a pure on-element with some spontaneons 
activity (guinea-pig). 



R, qranit 

Post-excitatory mlubitioii explains a number of earlier observations by other 
authors: witb the eye of the horned toad Meservey & Chaffee [1927] noted that 
the fast positive off-effect of the electroretinogram diminished at higher in- 
tensities, as also found by Wrede [1937] and Therman [1938] with the frog’s 



Fig. 6. Cat. Same as in Fig. & for two elements, bat in addition has been measured, in upper 
picture, the total number of impulses of the photopio element reproduced in the inset. The 
discharge in this case was relatively brief at ‘on’ and ‘off’ . The lower pair of curves in this 
picture, for which the individual readings have been left out, show total number of impnls^* 
in the records that were used for frequency measurements in the upper pair. Upper curve, 
oflf-disoharge; lower curve, on-disoharge. 


electroretinogram. Harthne [1938] showed that the off-effect in single fibres of 
the optic nerve of the &og also diminished at higher intensities, as would be 
expected from the general correspondence between the fast positive phases (due 
to the retinal component potential P II) of the electroretinogram and the 
discharge in the nerve. The difference in Fig. 1 between the two tyTies of pure 
on-elements in the retina of the guinea-pig is probably also due to a different 
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degree of development of post-excitatory inhibition in' them. The 'one type 
(o) had no after-discharge whatever, whereas the other type (6) still discharged 
some time after cessation of illnmination. Lack of after-discharge may be due 
to prominent post-excitatory mhibition. 

Post-excitatory inhibition may be identical with the ‘local stimulatory 
inactivation', noted after electrical stimulation of the cerebral cortex by 
Dusser de Barcnne & McCulloch [1937] and by them termed extinction. It is 
most conveniently observed in the ‘ simple’ discharge of the guinea-pig’s retina 
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Fig. 7. Guinea-pig. Spontauenosly active element giving a pure on-disthuTge to illuminaUon vrith. 

892 m.o. The diachatgo is followed, by post-excitatory inhibition silenoing spontaneous rhythm 

for a while. 

when a spontaneously active pure on-element has been localized with the aid 
of a micro-electrode (as in Pig. 7). These fibres generally stop their spontaneous 
activity for a while after illumination of the retina with a sufficiently strong 
light. 

Fre-exciialory inhibition is the type of inhibition originally described by 
Granit & Tberma’n in this Jpumal [1935]. It has the interesting property of 
reflecting the behaviour of the slow retinal component potential P III [cf. 
Granit, 1938], In order to differentiate it from post-excitatory inhibition it is 
termed pre-excitatory, the term emphasizing its brief latent period, briefer than 
the latent period for excitation, as is best demonstrated by re-illnmination on 
top of an off-effect. In work, now in progress, the two forms of mhibition have 
been found to possess very different properties with respect to diverse agents. 

In order to be demonstrable pre-excitatory inhibition needs the background 
of excitation which, for post-excitatory inhibition, was provided by spon- 
taneous activity. But for pre-excitatory inhibition the best background is the 
off-discharge following cessation of illnmination, and the test for the efficiency 
of the inhibition therefore consists in re-illumination after a brief pause of dark- 
ness. The pure off-element that is inhibited by light and set free by cessation of 
dlumination exhibits pre-excitatory mhibition in pure form. In this element 
it k so effective that every sign of a discharge to illnmination, started by the 
pnmary sense-cell, is curtailed in the synapses before it has had a chance of 
turmng up m the optic nen^e. The off-effect is therefore also immediately and 
completely inhibited by re-illumination. ■■ 



112 


R. GRANIT 

Two elements illustrating typical aspects of prerexcitatory inhibition in cats 
are shown in Fig. 8. There is a slight spontaneous discharge in a which is in- 
creased into an on-discharge upon Rumination and again accelerated into a 
vigorous off-effect upon cessation of illumination. The on-effect is insignificant 
compared with the off-effect. The stimulus is here 892 m.c. diminished hy rd 
filter and neutral filter (density 1‘26). In b, when iUuniination is repeated after 
removal of the neutral filter, pre-excitatory inhibition is relatively stronger 
than excitation so that at ‘ on ’ there is merely inhibition, as demonstrated by 


t 



Pig. 8. Cat. Analyaia of pre-esoitatory inhibition by ra-i11 nmin ata'on during o£F-disoharge of on-o 
element. Pnlly described in the text. The records a, b and c belong to the same elemeat, 
record d to another. 

the decreased spontaneous activity. A part of the film has been cut out and 
then follows the off-discbarge. Ee-illumination after a brief pause completely 
inhibits this off-discbarge, shown again as control at the end of record b. The 
red filter is finally removed in c so that fight from the whole spectrum stimu 
lates the eye. There is now in response to illumination a very much delayed 
discharge, looking as if it barely had succeeded in escaping from pre-excitatory 
inhibition. The final record d is another element from another experiment. It 
shows re-illumination during the off-discharge of an on-off element. Here the 
pre-excitatory inhibition, elicited byre-illumination, merely succeeds in causing 
a brief pause of inhibition in the off-discbarge. This pause is interrupted by a 
fresh on-discbarge of this on-off element. 
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"Wliat ’would now in cats be tbe typical behaviour of pre-excitatory inhibition 
inthetestbyre-fflumination’ -Woulditbe acoinplef^ih/ifbfiionasinbor merely 

a bri^ inhibitory pause as in dl ActuaUy the large majority of ekments are of 
the latter type, giving merely a brief inhibitory pause. Pre-excitatory inhibi- 
tion in tbe cat’s retina is better developed in the upper intensity ranges (cf. 

Kgs. 5, 6). , - • n 4 

Pie-excits-toxy inhibitioii px6B\ipposes ou-off elemeivts and is maxinially cle- 

veloped in the pure off-elements. For this reason it is of far less significance in 
the rod retina of the guinea-pig -which chiefly contains on-elemente. Again, in 
the retina of the frog (rods to cones about 50 ; 60), pre-excitatory inhibition 
is far more prominent than in the retina of the cat where the cones are few, 
though suf&ciently many to ^ve a Pnrldnie shift [Granit, 1943 

The degree of development of the off-discharge in a given retina is a rough 
index of the use it makes of pre-excitatory inhibition. The reason for this state- 
ment is that the off-discharges can be regarded as a consequence of pre- 
excitatory inhibition. The pure off-elements are inhibited by bght and are 
piling up inhibition during illumination so that the longer the duration of the 
exposure the greater, -within limits, the frequency and duration of the off- 
effect. In the cat’s eye pure off-elements are rare and consequently complete 
inhibition of the off-effect by re-illumination is far less common than the brief 
inhibitory pause, illustrated in Fig. 8<i. 

Stable and labile units. In the frog’s eye Hartline [1938] found on-fibres, off- 
fibres, and on-off fibres to preserve their type despite variations in intensity 
of the stimulus. The suppression in this eye of the off-discharge by high in- 
tensities does not mean that the isolated -onit has changed type but is probably 
due to post-excitatory inhibition, as suggested above. In the retinae of cats 
and rats the pure on-elements have also been found to be stable. However, the 
on-off elements in the cat's retina are variable. At high intensities they often 
behave as pure off-elements, sometimes also as pure on-elements (as in Fig. 3); 
at low intensities the on-effect may predominate, and as the frequency- 
intensity curves show, rivalry between excitation and inhibition may at dif- 
ferent intensity levels give the discharge a very different aspect. The few pure 
off-elements in the mammalian eyes are also stable but, since their thresholds 
. as a rule are very high, they can only be studied within a very limite-d range of 
intensities. ° 

In the cat’s eye the on-off elements behave as if they were a combination of 
pure on-elements with pure off-elements. At the moment it is impossible to 
explam the variability of these elements. Butthe facts (i) that the negative com- 
electroretinogramis a high-intensity component in cats and 
(n) that this component generally is associated with inHbition suggest that the 
gmatmerease of pre-excitatory inhibition at high intensities may account for 
at least some of the complex changes in the on-off elements at such intensities 


PH. cm. 
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Discussion 

Comparison with electroretinogram 

Tlie off-eflfect in the slow retinal potential (the electroretinogram) is welld^ 
veloped in the frog, which has a large number of pure off-elements 
in its optic nerve ; it is much smaller in the cat’s electroretinogram. e 
effect of re-illumination on top of a retinal off-effect is a large negative o 
(component P HI) in the electroretinogram of the frog, but merely a sUg y 
delayed, sub-normal positive i-wave (component P II) in the , 

gram of the cat. In the frog this negative a-wave of P HI ^ 
pre-excitatory inhibition in the nerve. This inhibition, accor g • jjjj 
[1938], is complete for the pure off-elements of this animal. However, m 
cat, which has chiefly on-off elements, the inhibition, caused 
is generally a brief pause in the off-discharge (Fig. 8<^) foUowe ® nomnlete 
of the reactivated ‘on ’-fraction of the complex on-off ® 
inhibition is rare in this animal. These comparisons suggest that tue u g 
a-wave of the electroretinogram (component P III) in 

marked merely when— as in the frog— pre-excitatory discharge 

vidual elements is so weU developed that a larp fraction of 

of the whole retina is completely inhibited by light. Similarly 

the electroretinogram also is weU developed in retmae m whic ^1 

of individual elements actually respond merely at on . ir 

Granit & Therman [1937] that in this case there is also ® has 

electroretinogram re-activation of the positive componen • 

been incorporated in the recent analysis of the electroretmogram of 

eye, published by Bernhard [1942], discharge of 

In aU comparisons between the electroretmogram an g effect 

isolated elements it should be remembered that disting^h the 

and that it is necessary in such comparisons ° ^ Records from 

common from the atypical in the properties of ^ jjgeently 

the whole nerve supplement the information from and 

Adrian [1941] has taken such records from the who p ^ y^^gj ty in- 
points out that bright light tends to give a brief ® mf 

Lition, ffs in Fig. 4 (lowermost record). 

experience that pre-excitatory mhibition at hig^^ the 

Jlated mdt, ia the optio ne^e ot the lrr.."oi..ea 

feet that the coaepoaeat P m (ia f ^ cate [toait. 

with P^e-excitatory mhibition, m a high^te ^^y a 

1 9331 and that the cat s electroretmogra n oq r>f P TTT 

Sid h-teeve of P 11. followed by . aeget.ve ph.se of P III. 
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Rods and cones, diiflicity theory 

The duplicity theory comes into the foreground because of the differences 
between cats and guinea-pigs. Since these differences are post-synaptic, m- 
terpietation of the results in the light of the theory presupposes the assumption 
that the synaptic organization is different for rods and cones, an assumption 
well iustified by retinal histology. The main conclusion that would be suggested 
by these experiments is that from the functional point of view the synaptic 
organization of the rods is simpler and for this reason more likely to transmit 
the receptor effect without other modifications than those caused by summa- 
tion, due to convergence, and by post-excitatory inhibition ^which, after all, 
may be paralleled with similar phenomena in peripheral nerve. Hence would 
arise the absolute dominance of the simple on-elements in the rod-retina of the 
guinea-pig. The presence of a few off- and on-off elements in the guinea-pig’s 
rod-retina would then serve to emphasize that these as well as all other experi- 
ments with the micro-electrodes, those on colour reception [Granit, 1942-S] 
as well as those on adaptation (unpublished), suggest that there are transitional 
forms between rods and cones (in the strictest sense of the terms). The guinea- 
pig has no Purkinje shift and few if any so-called red modulators, elements 
sensitive to red within a relatively narrow spectral region, and thus can hardly 
be held to have any cones. 

The oat has cones, though these still are in the minority but, functionally, 
they are easily detected with the micro-electrode technique. A certam number 
of the elements of the cat’s retina show a definite Purkinje shift and, after 
light-adaptation, respond to spectral light with the sensitivity distribution of 
the so-called photopic dominatdr of the cones with maximum at 0-560p, 
[Granit, 1943h]. Pure cone-eyes have only been studied in cold-blooded 
animals [Meservey & Chaffee, 1927 ; Bernhard, 1941] but these have aU had 
prominent off-effects and prominent negative components in their electro- 


retinograms, as the many correlations between this component (P III) and 
pre-excitatory inhibition would have led one to believe. Thus there are reasons 
for assuming pre-excitatory inhibition to be a feature of the synaptic organiza- 
tion of the cones. Nevertheless we must ask whether the differences between 


cats and gumea-pigs could be due to the heavier anaesthesia of the latter. 

The rat, anaesthetized with urethane, as the guinea-pig, has a somewhat 
greater percentage of on-off elements than the latter and for this reason was 
chosen for some experiments on the effect of this drug. Three urethanized rats 
in which first a^place giving a weU marked on-off discharge of a number of 
elements had been localized with the micro-electrode, received three times the 
normal dose in two intraperitoneal injections at an interval of 10 min The 
elements ^der the electrode continued to react as on-off elements despite the 
abnormally deep anaesthesia. A similar experiment with the same outcome 


8 — 2 



R. GRANIT 

was performed with a cat which was given successive doses of urethane until 
nf ®f^pped. These experiments showed that very much larger doses 

rl' ^116 t an those used for guinea-pigs did not succeed m removing off- 
■ -f-li t IS therefore improbable that the small number of on-o£f elements 

e guin^ pig could be due to selective removal of off-discharges by this 
j a small effect of this type were present and served to emphasize the 

guinea-pigs with respect to pre-excitatory in- 


^ e striking differences in the intensity-frequency curves between cats and 
guinea pigs are quite in harmony with what we should expect on the basis of 
e a^umption that frequency is the main determinant for visual effects de- 
^nding upon intensity. All visual work, on brightness discrimination, flicker 
^ ion, visual acuity, etc., also shows that these functions plotted against log 
intensity are characterised by much steeper slopes in the cone-region than in 
t e rod region of stimulus intensities, as would be a direct consequence of the 
erences in the frequency-intensity curves for cats and guinea-pigs. Still, in 
t case, it is very probable that the curves actually have been somewhat 
^ rted by the anaesthetic given to the guinea-pigs. The urethanized guinea- 
pig may not have been able to respond with as high frequencies in the upper 
ranges as the decerebrated cats could do. 

From the point of view of visual discrimination it is clear that a retina pos- 
sessing the variable receptive pattern of the cat’s eye must respond to every 
uctuation in intensity with a transformation of the pattern delivered to the 
cortex. Hardly two elements in this eye are exactly ahke I The question as to 
how retinal interaction can co-exist ivith a high degree of discrimination, flrst 
raised by Adrian & Matthews [1928] and Granit & Harper [1930] and still 
occupying Bartley [1941], can now be answered. The retinal discharge from the 
smallest area is differentiated to a degree that was not understood ten years 
ago. Hartline’s work on frogs [1938, 1940o, d] and these results with the cat’s 
retina place impulse frequency and transformation of pattern into the fore- 
ground in every explanation of discrimination. 

In connecting the differences between the individual elements of cats and 
guinea-pigs with an extended duplicity theory incorporating inhibition, I do 
not wish to convey the impression that this interpretation, based on so few 
types of retinae, needs be final. I would rather like to express the hope that 
sooner or later similar experiments will be carried out in other laboratories 
with other retinae and the same technique. The duplicity theory is, after all, 
the first purely visual theory that has to be put to a test with the new tech- 
nique, the more so as this first attempt to do it has shown tliat striking dif- 
ferences between different retinae can be demonstrated. 
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SxnouKY 

1. In the pure rod-retina of the guinea-pigs an overwhelming majority of the 
elements merely discharge to onset of aiumination. Some of them stop their 
disoharge abruptly upon cessation of illumination, others possess a defimte 
after-discharge gradually diminishing in frequency. 

2. In the mixed retina of the cat the great majority of the elements respond 
as on-off elements, i.e. to both onset and cessation of illnmmation. Some 20% 
of the elements behave as pure on-elements. Pure off-elements, merely re- 
sponding to cessation of iliumination, are rare in the eyes of both cats and 
guinea-pigs. 

3. The relative preponderance of on- and off-disohatges in the isolated on-off 
elements of the cat’s eye varies a great deal with stimulus intensity. 

4. Light-adaptation influences the discharges of the different elements in the 
following manner: (i) the threshold increases, (ii) an after-discharge, when 
present, shortens in duration, (iii) similarly the discharges at onset and cessa- 
tion of iUnmination are shortened in duration, (iv) the same maximal fre- 
quencies are reached in both states of adaptation but the increased threshold 
in the light-adapted state compresses the range of intensities within which the 
frequency of the discharge can vary. Hence the flcequency-intensity curves 
will, on an average, rise at a steeper rate in the light-adapted state. 

6. In both animals spontaneous activity of the isolated element is common, 
and suppression of this activity is a good index of inhibitory phenomena which 
otherwise would escape notice. 

6. Post-excitaiory inhibition is a kind of extended suppression of all activity 
following after the activation of a single element, especially well marked if the 
stimulus has been strong. It is found in both eyes and in all types of elements. 

7. Pre-excitatory inhibition has a briefer latent period than excitation and 
is responsible for the inhibition that in its purest form is foxmd in the pure 
off-elements which are silenced by illumination and released into activity 
upon cessation of iUnmination. Off-effecta are thus a sign that pre-excitatory 
inhibition is present in a given case. Pre-excitatory inhibition leads, to sup- 
pression of tbe off-effect by re-iUumination. In some on-off elements (cats) this 
suppression is complete, in most elements, however, merely a temporary block 
preceding re-excitation. 

8. Pre-excitatory inhibition coincides with an active negative component 
P HI of the felectroietinogram, 

9. The (Ufferences in the distribution of excitation and pre- and posti 
excitatory inhibition over the different elements in the retinae of cats and 
guinea-pigs are discussed in the Ught of an extended dupHcity theory. 

The author is indebted to the Rockefeller Fonndatiou for a grant to this laboratory. 
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IimiODtICTION 


The process of regeneration of a nerve vnli only be complete if it leads to the 
production of fibres comparable in number and size to those normally present 
in the nerve. Gntmaim & Sanders [1943] have found that the characteristio 
group of fibres of large diameter in the peroneal nerve of the rabbit reappears 
in the peripheral stump about 200 days after the nerve has been interrupted 
by a simple crush with forceps. After severance and suture of the nerve, 
however, the characteristic bimodal distribution of fibre sizes does not reappear, 
even after one year of regeneration, although some of the fibres reach their 
full normal diameter. 

Holmes & Young [1942] have emphasized that after degeneration each nerve 
fibre is replaced by a Schwann tube which has about half the diameter of the 
original fibre. The results of Gutmann & Sanders would be explained if it were 
assumed that the size of the tube in the peripheral stump had an effect, 
but not a wholly decisive one, on the final diameter reached by a fibre 
regenerating within it. The other significant factor would be the amount of 
axoplasm provided by the central stump; large fibres prodding large streams, 
unless they split up into many small fibres. Thus if large fibres are only 
produced when large central streams enter large peripheral tubes, we could 
understand wh^j^ the normal pattern of fibre sizes is regenerated only after 
crushing the nerve, for then many or all of the central fibres ate left connected 
with their appropriate peripheral tubes. 

But there is no direct evidence available to show that the diameter of the 
peripheral tubes does in fact exert such a restrictive influence. The problem 
of the relative importance of the two stamps in deciding fibre diameter can 
be attacked by making cross-unions of nerves with different fibre sizes, and 
a series' of such experiments is now being undertaken [Simpson & Yotmg]. 
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Preliminary results [see Young, 1942] show that when a somatic nerve (large 
fibres) is sutured into the post-ganglionio trunk of the anterior mesenteric 
nerve (small fibres), m^hnated fibres are produced, but they are abnormallj 
small. In the experiments to be described in the present paper, decisive 
evidence for the influence of the peripheral stump has been obtained in a 
different way. 

The peroneal and tibial nerves of the rabbit each divide low down in tbe 
thigh into a number of branches. The peroneal divides into branches supply^ 
the extensor muscles of the anterior aspect of the shank, and the antenor 
tibial nerve ; the tibial into branches supplying the gastrocnemius, solens, 
plantaris and other muscles, and the posterior tibial nerve. The anterior an 
posterior tibial nerves consist almost entirely of sensory and sympat etio 
fibres. The only muscleS supplied by the posterior tibial nerve are the 
oales and the interossei, all of which are very small, while the anterior ti la 
nerve of the rabbit is a pure skin nerve. We have thus the situation that ot 
the peroneal and tibial nerves are mixed in the thigh, but divide below in 
branches which are predominantly either motor or cutaneous. Nageotte 
Guyon [1918] and Wohlfart [1938] have shown that these cutaneous and mo r 
branches of the sciatic nerve are distinguishable by the sizes of their co 
stituent fibres, the motor branches containing larger fibres than the cutane 
divisions, observations which have been confirmed by the measurements m 


during the present work. ff ct of 

This anatomical situation provides an opportumty for studying tee e 
the size of the Schwaim tubes of degeneration on the size of fibres 
in peripheral nerves. When the tibial or peroneal nerve is cut about a 
down the thigh and the stumps rejoined, we have the situation o a 
nerve being sutured just before two portions containing fibres o . 

differing sizes separate. If the peripheral stump has an influence on 
of fibre regenerated, we should expect to find larger fibres regenera 
motor branches than in the cutaneous. If, however, the centra ac 
decides fibre size, the mixing of fibres in the scar of umon will ensure a 
two parts of the peripheral stump regenerate fibres of similar sizes, o 
we shall be able to evaluate the relative importance of the centra an 
pheral factors in deciding fibre diameter, by compaMg the the 

suture and after crushing, since in the latter case mixing o t e res 
scar is at a minimum [see Gutmann Sc Sanders, 1943]. 

The obeervetione described in thi. paper bane therefore been wade M ^ 
whether the peripheral stumps of motor and entaneous nerves ha,j tte power 
ot influoneing the diameters ot the fibres whieh are regenerated, We have 
tested this power ot the periph.ml stop not only after .mmedrate suture 

1 wheu L etump hL ‘th"t Shl’L^^Lf 
Finally, we have also measured the sizes ot 
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peripteral stumps wtict have been allowed to degenerate for different periods, 
in order lb ddscover wtetter they preserve tteir relative sizes dnrmg tte 
shrinkage which occurs. 

Methods 

The experimental ammals used were rabbits. AH the animals were adults, 
but varied considerably in size, body weight, and race. A ' considerable 
variability in fibre number was found in the nerves examined, but in every 
case where an abnormally large number was fotmd- above the lesion, the 
specimen had been taken from a large animal, and vice versa. In one animal 
specimens of the normal peroneal and tibial nerves were removed. In another 
the peroneal nerves were cut in the thigh on both sides, and the stumps joined 
again with the concentrated plasma introduced by Young & Medawar [1940]. 
This animal was then left for a year to recover before it was killed and 
specimens removed. In four further animals the peroneal nerves were crushed 
with smooth-tipped forceps at the initial operation, after which they were 
left to recover for periods of 130-300 days before specimens of the nerve 
were taken. 

In one animal the experiment was designed to allow study of recovery 
after a long period of degeneration followed by a long period of reinnervation. 
The tibial nerve was therefore severed in the lower part of the thigh on 
one side, and the central stump resected for a long distance, avoiding 
all possibility of reinnervation [Holmes & Young, 1942]. The animal was 
left for 15 months, and then at a second operation the degenerated tibial 
nerve was leionervated by joiniog with plasma to the central end of the 
freshly cut and nearby peroneal nerve. As a control, the tibial and peroneal 
nerves of the other side were cut, and the central end of the peroned joined 
to the peripheral end of the tibial. Eejtmction of the tibial nerve with its 
own central stump was prevented by wide resection of the latter. After 
suture the animal was left for TO months to recover, and theif brought to 
autopsy. 

Finally, two animals were used to compare the sizes of the Schwann tube 
left in the nerve after short and long periods of denervation. At an initial 
operation the tibial nerve was cut in the thigh and allowed to degenerate, in 
one case for 25 days, in the other for 18 months, reinnervation being prevented 
by resection of tbe central stumps. 

Specimens of tbe normal or reinnervated nerves were removed from the 
anaesthetize(kammal3. fixed extended on cards in Flemming’s osmo-chrome- 
acetic mixture, embedded in wax, sectioned transversely at ifi, and stained 
with haematoxylin as described by Gntmann & Sanders [1943] The two 
specimens of degenerated nerve were similarly fixed and sectioned, but stained 
to show the endoneurial connective tissue by HeidenWa picro-blne-black 
technique, which is a good method for showing Schwann tubes. 
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Counts and measurements of the outside diameters of meduUated nerve 
res, and of the inside diameters of the Schwann tubes in the degenerated 
nerves, were made by the sampling technique described by Gutmann i 
an ers^ [1943], except that the measurements were made on photograpbs of 
t e sections taken at a magnification of 740 x , instead of on an image obtained 
by means of a projection microscope. 

As in the experiments of Gutmann & Sanders [1943], the following factors 
were calculated firom the counts and measurements of each section: (1) tlit 
total number of myelinated fibres (or Schwann tubes) in the section; (2) the 
number and percentage of fibres greater than 8/i; (3) the average-fibre diameter, 
obtained by multiplying the number of fibres in each size-group of the sample, 
by the diameter of the mean fibre of the group, summing the values for the 
individual size groups, and dividing the result by the total number of fibres ^ 
in the sample. 

The results of these measurements and calculations were recorded in thr 
form of (a) tables, and (b) frequency block diagrams, in which the number of 
fibres in each size group was plotted against fibre diameter. The sources of 
error involved have been discussed by Gutmaim & Sanders [1943]. In the 
present experiments, however, the magnitude of the error of measurement was 
probably not as great as in the previous observations, especially with the 
smaller size groups, on account of the larger magnification used. 

Resctlts 

The fibre composition of the branches of the normal tibial and peroneal nerves. 
Examination of sections of the normal peroneal and tibial nerves from the 
lower part of the thigh shows at once that the motor funiculi contain larger 
fibres than the fumculi which give rise to the anterior and posterior tibial 
nerves (PI. 1, figs. 1, 2). Table 1 shows the results of measurements made upon 
the perone^ and tibial nerves at this level, and upon the posterior tibial 
nerve in the shank. The motor branches of the' peroneal nerve contained 1887 
fibres larger than 8fj, (35'6%), compared with 632 fibres (20-2%) exceeding 
this diameter in the cutaneous branches. Similarly, in the motor fumenU of 
the tibial nerve there were 36-8% of these large fibres, while the cutaneous 
fumculi contained only 16-4%, and the posterior tibial nerve 16%. The 
average-fibre diameters were also larger in the motor branches. 

Text-fig. 1 is a chart of the relative number of fibres per 1000 total fibres 
in the various size groups of the two divisions of the peroneal and tibial nerves, 
and in the posterior tibial nerve. In all parts of these nerves a considerable 
range of fibre sizes was present, the smallest fibres being 1-2/x in diameter 
[see Duncan, 1934]. All the fibres in the group marked 0-2 fi in the histograms 
lie near the upper limit of the group; hence the 0-2/i group is really a 1-2 p 
fibre group. The upper limit of fibre size was not, however, the same in all 
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Tim.-K 1. Nninbers and sizes of fibres in the various divisions of the 
normal tibial and tibial peroneal nerves. Babbit 92S 



Herve 

Total no. 
of fibres 

Ho. of fibres 
larger than 8 p 

% large 
fibres 

Average-fibre 
diameter in p 

Peroneal in thigh 

ilotor 

Cutaneous 

5,301 

3,128 

1887 

632 

35-6 

20-2 

6-97 

4-37 

Tihial in thigh 

Motor 

Cutaneous 

7,203 

8,634 

2673 

1416 

36-8 

16-4 

6-89 

4-60 


Total 

15,897 




Posterior tibial 


7,753 

1240 

160 

4-59 


parts of tHese nerves. The largest fibres in the cnt'aneons branches 

1 J H TV. 
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Peroneal 

cuUneoQi 

branch 


peroneal and tabial, and in the posterior Diameter in p 

tibial nerve, were between 14 and 16 p. o < a i 2 i6 20 o •« 

in diameter, while the motor branches 
of both nerves contained fibres np to 
20 p in diameter. Moreover, the actnal 
form of the distribution was different 
in the two cases. In the cutaneous 
branches, and in the posterior tibial 
nerve, the histograms showed a peak „ 
in the 3p group, and thereafter the ^ 
number of fibres in each successive ;§ 
group steadily declined, reaching zero 
at 16 p. The motor branches ako showed B 
a peak in the 3p group, but there was ™ 
in addition a second pronounced peak g 
in the 15 p group. This distribution is ^ loo 
in fact more strongly bimodal than that "o 
found by Gutmann & Sanders [1943] for | 
the mixed part of the peroneal nerve. J ° ~ 

The second population shown on the ^ I 
bimodal curve, which has its mean at I ''Sw” 

15 p, presumably contains the alpha zoo -iJ py-... 

fibres of the A group. 

From the above data it is clear that 
marked differences exist both in the size 
of the largest fibres, and in the form of 
the distribution curve of fibre sizes, 

between the motor and cutaneous 1- Histogram* to show the normal 

divisions of both the peroneal and sp^ctnm in the ‘motor’ and 

tibial nerves ^ tranches of the peroneal and 

nerves. bbial nerves, and in the posterior tiWal nerve 

iiegenerahonaflernervc suture of larger Hahhit928. 
fibres tn motor, smaller fibres in cutaneous branches. Fibres were counted and 
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measttred in the two divisions of the peroneal nerve below two direct end-to-end 
sutures of the nerve made 1 year previously, and below a cross-union of the 
central stump of the cut peroneal nerve with the peripheral stump of the 
tibial made 10 months previously. Table 2 and Text-fig. 2 show the results 
of these measurements. 

Table 2. Numbers and sizes of fibres in the ‘motor’ and ‘cutaneous’ divisions of the uene. 
(A) and (B) below sutures of the peroneal nerve made 1 year previously. licft and right 
sides of rabbit 669. (C) in the tihial peripheral stump below a peroneal-tibial croas-nnioo 
made 10 months previously. Eight side of rabbit 462 



Nerve 

Total no. 

No. of fibres 

% large 

Average-fik® 


of fibres 

larger than 8 fi 

fibres 

diameter inf 

(A) Peroneal 669 R 

Motor 

4,380 

656 

12-7 

4'2J 


Cntaneons 

Total 

2,743 

7,123 

244 

8-9 

3-78 

(B) Peroneal 669 L 

Motor 

4,612 

660 

14-3 

4-31 


Cutaneous 

Total 

2,636 

7,248 

190 

7-2 

3-72 

(C) Tibial in thigh 

Motor 

4,970 

649 

11-0 

4-31 

462 R 

Cutaneous 

Total 

7,166 

12,125 

165 

2-3 

3-67 

Posterior tibial in 
shank 462 R 


-•4,605 

66 

1-4 

3'39 


All of the branches contained somewhat fewer fibres than are foimd m 
normal nerves. However, the ratio of the total number of fibres in the motor 
and cutaneous divisions is approximately normaL This in itself indicates that 
some factor in the peripheral stump controls the number of fibres which 
regenerate there. The fibres were also cotmted in the central stumps above the 
two peroneal sutures, and in the peroneal nerve above the cross-umon. 
Sutme A (see Table 2) had a central stump containing 9026 fibres, while the 
central stump above suture B contained 9813 fibres. Therefore the peripheral 
stumps in these cases contained respectively 79 and 74% of the niunber of 
fibres in the corresponding central stumps. By contrast, below the cross-umon 
there were 12,126 fibres, 180% of the number present in the central stump 
(6724). This considerable excess of fibres in the periphery indicates that the 
central fibres have undergone branching to supply an increased peripheral 
demand, a fact already observed by many, authors [see Aird & Naffiziger, 1939, 
for summary]. Even so, the tibial peripheral stump in this animal contained 
fewer fibres than the normal tibial nerve (see Table 1). 

Text-fig. 2 is a plot of the frequency distribution of fibre sizes in the two 
parts of these regenerated nerves, expressed as per 1000 of those measured. 
In all cases the motor branches contained larger fibres than the cutaneous 
nerves (see PI. 1, figs. 3, 4). The two peroneal sutures had motor funiculi 
containing fibres up to 18/t in diameter, while those in the cutaneous part did 
not exceed 14/z. Below the cross-union the fibres were smaller than after 
direct peroneal suture. This very interesting observation would be explained 
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on. tlie assumption ttat the increase in diameter of a fibre depends on the 
supply of axoplasm which it obtains by outflow from the central stump [see 
Young, 1942; Gutmann & Sanders, 1943]. Since the cross-union involves the 
formation of many branches, each central fibre has to provide for a greater 
number of peripheral fibres than after direct suture. The maximum size in the 
motor branches below the cross-union was 14 /x, while in the posterior tibial 
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Text-fig. 2. HiBtograma of the fitre-siio apeotnun in the ‘motor’ and ‘cntaneons’ branches 
bdow Wo end.to.ena rotures of the peroneal nerve 1 year after operation (rabbit 569); in 
the tibial nerve below a crosa-union with the peroneal nerve made 10 months previonalv 
(rablsit 452 right ride). ^ ^ 


or the funiculi higher up the nerve from which it arises, only a very few fibres 
exceeded 8/2. in diameter. These differences are also shown in Table 2 The 
motor branches below the two peroneal sutures contained 12-7 and 14-3 Y of 

?t7 l‘n '?'■«? " ‘i' “to-'™ Wb« there oaly 8-W 

Ty. otkree fibres. The average fibre diamcten ,ete also larger in the motor 
bmnches. Below the cross-umon the contrast between the two sets of brancSs 
was even more striking; the motor branches contained 11-0°/ of laree fihro 
and had an average-fibre diameter of 4-31 If fhp oTif jh • ^ fibres, 

onlv 2-30/ of Inrt. fiu ^ J f ^ ^ the cutaneous fumcuH contained 
only 2 3 /o of larger fibres and had an average-fibre diameter of only 3-67 
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In the posterior tibial nerve the proportion was stiU lower, there being 
of larger fibres, and an average-fibre diameter of only 3’39^. The total number 
of meduUated fibres is also very much lower in this nerve in the shank thsu 
in the large fumculus in the thigh which gives rise to it. Careful dissectiom 
of the nerve behind the gastrocnemius muscle have failed to show any branch 
arising from this funiculus before it becomes the posterior tibial. Evidently, 
therefore, meduUation has proceeded farther in the upper part of the nerve. 
Indeed, even in normal nerve there is some evidence that the nerve is better 
myelinated in the thigh than in the shank (see Table 1). 

It will be noted that aU these values are less than those seen in normal 
nerve (see Table 1). Moreover, although two of the specimens were removed 
after 1 year of regeneration, and the third after 10 months, the motor branches 
showed no sign of the second peak in the fibre size distribution which charac 
terizes the motor branches of a normal nerve. A similar failure of complete 
reconstitution after suture was noted in mixed nerves by Gutmann & Sanders 
[1943]. However, there is no doubt that the motor and cutaneous divisions 
of both peroneal and tibial nerves have developed differences in fibre size after 
regeneration similar to those which occur between the normal nerves. Since 
the motor and cutaneous divisions are both connected with the same cen 
stump, the explanation for the differences between them after regeneration 
must lie in the peripheral stumps, presumably in the size of the Schwann 
tubes. The only other possible factor producing the differences in fibre diameter 
is the peripheral connexions which they make. The periphery might affect t e 
growth of fibres in one of two ways: (1) it is possible, though unlikely, t a 
those fibres which become cormected with motor end-plates become hTge, 
and those with sense organs, small; (2) more simply, it might be that the tu cs 
of cutaneous nerves, being longer, drain off more axoplasm, producing sm 
fibres. Experiments to test these hypotheses are being xmdertaken. Untu t ey 
are complete we can only state that the peripheral stump has in some way a 
oontroUing influence on fibre diameter. It probably exerts this influence y 
virtue of the size of the Schwann tubes which it contams after degeneration. 


This probability is greatly increased by the fact that, as will be sho^ on 
pp. 128-30, the Schwann tubes are in fact larger in the motor than in t e 
cutaneous branches. , 

Specific effect of the peripheral stump after delayed suture. Table 3 an 
Text-fig. 3 show the results of counting and measuring the fibres below a 
cross-union 10 months after the central end of the peroneal nerve had been 
joined into a tibial peripheral stump which had previously been degenerating 
for 16J months. Comparison of the fibre sizes in the motor branches wi 
those in the cutaneous division showed that the specific power of the pen 
pheral stump to produce fibres of different sizes in the two divisions is retaine 
even after so long a period of degeneration (see also PI. 1, figs. 5, 6). 
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CABtE 3. Numbers aud sizes of fibres in the divisions of tbo tiblal nerve after ISJ of 

denervation Mowed by 10 months of reinnervntion by cross-union with n peronent cent 


ctump (rabbit 452 left side) 

Totnl HQ. 

No. of fibres 

% large 

fibres 

Averogc-fibro 

Nerve 

of fibres 

larger than 8/i 

diameter in p 

Motor 

3742 

102 

2-7 

3-36 

Cntaneoua 

5523 

23 

0-4 

2*G5 

Total 

Posterior tibial 

9271 

2165 

1 

0 05 

2-70 


From Table 3 it will be seen that the total number o^ medullated fibres 
•present in the peripheral stump was 9271, that is to say, somewhat less than 
' was found in the tibial nerve below a similar cross-union made immediately 
after section of the tibial (Table 2), which was in fact on the opposite side of 
the same animal. Longitudinal sections showed equally close apposition at 
both suture lines, so that the deficiency of fibre size and meduUation after the 
r secondary suture is not due to bad union of the stumps. The relati've number 
if fibres in the two di'visions was approximately the same as in the immediate 


Diameter in n 

Q 4 6 12 16 20 0 4 6 12 16 20 0 4 8 12 16 20 



Text-fig. 3, Histograms of the fibre-size spectrum 10 months after a cross-union of the central 
stump of the peroneal with the peripheral stump of the tibial nerve previously degenerated 
for 15J months. (A) in the ‘motor’ branches; (B) in the ’cutaneoas’ branches; (C) in the 
posterior tibial nerve (rabbit 452 left side). 

cross-union. However, in spite of great delay of suture, there was still an 
excess of fibres in the periphery compared with the number in the central 
stomp, which contained 6677 fibres. Therefore branching of fibres takes place 
even when the peripheral stump has been long denervated. The posterior tibial 
nerve contained only 2165 fibres, less than half the number present at this 
level below the immediate union on the opposite side, and less than a third the 
number present in the normal nerve (see Table 1). 

In the motor branches there were 102 fibres larger than 8 a 2-7°/ of the 
total number present. These were many fewer thanin the nomalnerve (36-8 %), 
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In the posterior tibial nerve the proportion ■was still lower, there being W/{ 
of arger fibres, and an average-fibre diameter of only 3’39/i. The total numki 
of meduUated fibres is also very much lower in this nerve in the shank thai 
in the large fnmculus in the thigh which gives rise to it. Careful disaeohoii! 
of the nerve behind the gastrocnemius muscle have failed to sho'w any brand 
arising from this funiculus before it becomes the posterior ■tibial. Evidently 
therefore, meduUation has proceeded farther in the upper part of the nerve 
Indeed, even in normal nerve there is some e-vidence that the nerve is bettei 
myelinated in the thigh than in the shank (see Table 1). 

It ■will be noted that all these values are less than those seen in nonuB 
nerve (see Table 1). Moreover, although two of the specimens were removw 
after 1 year of regeneration, and the third after 10 months, the motor brancht 
showed no sign of the second peak in the fibre size distribution which charac 
tenzes the motor branches of a normal nerve. A similar failure of compld 
reconstitution after suture was noted in mixed nerves by Gutmann <k Sander 
[1943]. However, there is no doubt that the motor and cutaneous di'via'O® 
of both peroneal and tibial nerves have developed differences in fibre sire afte 
regeneration similar to those which occur between the normal nerves. Sinc< 
the motor and cutaneous di^visions are both cormected ■with the same centra 
stump, the explanation for the differences between them after regeneratioi 
must lie in the peripheral stumps, presumably in the size of the Schwani 
tubes. The only other possible factor producing the differences in fibre diamet® 
is the peripheral coimexions which they make. The periphery might affect tt< 
growth of fibres in one of two ways; (1) it is possible, though unlikely, that 
those fibres which become connected with motor end-plates become large, 
and those ■with sense organs, small; (2) more simply, it might be that the tubes 
of cutaneous nerves, being longer, drain off more axoplasm, producing smaller 
fibres. Experiments to test these hypotheses are being undertaken. Until they 
are complete we can only state that the peripheral stump has in some way a 
controlling influence on fibre diameter. It probably exerts this influence by 
virtue of the size of the Schwann tubes which it contains after degeneration. 
This probability is greatly increased by the fact that, as wfil be shown on 
pp. 128-30, the Schwann tubes are in fact larger in the motor than in the 
cutaneous branches. 

Specific effect of the peripheral stump after delayed suture. Table 3 and 
Text-fig. 3 show the results of coimting and measuring the fibres below a 
croas-umon 10 months after the central end of the peroneal nerve had been 
joined into a tibial peripheral stump which had pre^viously been degenerating 
for 15| months. Comparison of the fibre sizes in the motor branches with 
those in the cutaneous di^vision showed that the specific power of the peri- 
pheral stump to produce fibres of different sizes in the two divisions is retained 
even after so long a period of degeneration (see also PI. 1, figs. 5, 6). 



fibre diameter IE REGEEERATIEG EERVES 

sB^allest group ^vas in eaclr case replaced by tbe number of 
found in this group in normal nerve. This is of course a purely 
procedure. paiS^ularly in tbe case of tbe long-denervated stump, but tbe 
proportion of tubes larger than 2p so obtained are of tbe same order as 

Diameter in fi 
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Teit-fig. 4. Histogram of the Bpectrmn of sizes of the Sch-ivann tabes in the ‘motor’ branches 
of the peripheral Btnmp of the peroneal nerve 25 days after section. The figure is not corrected 
for the presence of unmyelinated fibres (rabbit 724). 

Teit-fig. 6. Corrected histograms (see test) of the spectrum of Schwann-tnbe sizes in the ‘ motor’ 
and ‘cutaneous’ branches of the peripheral stump of the tibial nerve after degeneration 
for (A) 25 days, (B) 462 days. 

found tvben measuring nerve fibres. Obviously, botvever, tbe numbers in tbe 
size group 0-2 p. in tbe bistograms of tube-size spectra are uitbout significance. 
Moreover, tbe values of tbe various factors in Table 4, ivbicb mere calculated 
after assigning this arbitrary value to tbe number of tubes in tbe 0-2^ group, 
cannot be directly compared mitb tbe values of these factors in tbe other 
tables. 


PH. cm. 
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or below the iniraediate cross-tmion on the opposite side (ll%)j but mon 
than, in the cutaneous funiculi, which contained only twenty-three large 
fibres (0-4 %). The posterior tibial nerve contained only a single fibre larger 
than 8fL. The average-fibre diameters showed similar differences, the value 
for the motor branches (3'36^) exceeding that for the cutaneous division 
(2-66/i.). These values are much leas than those recorded 10 months after an 
immediate cross-union of the tibial and peroneal nerves. As would be expected, 
the histogram of fibre sizes in the motor funiculi showTS no trace of bimodality. 

These results indicate that while the fibres are much fewer and smaller ffl 
all branches of the nerve after a long delayed than after an immediate rfr 
innervation, the specific differences between the motor and cutaneous branchH 
are retained. The simplest explanation of this difference is that the SchwaM 
tubes in the peripheral stump retain their specific differences in diameter, 
even during the later stages of degeneration. 


Table 4. Numbers and diameters of Schwann tnbes in 


the divisions of tibial nerves degeDer*rsi 


for (A) 26 days (rabbit 724) and (B) 16J months (rabbit 722) 


Time 

Branch 

Total no. 
of tubes 

No. of tnbes 
larger than 8fi 

% large 
tubes 

25 dayi 

Motor 

4,770 

1183 

24-8 

Cataneons 

13,676 

1600 

11-7 

462 days 

Motor 

4,616 

605 

18-4 

Cntaneons 

11,410 

468 

4’1 


Average-ta'’* 

diameter is p 
6’25 
i-U 
4’03 
3-4S 


Diameters of Schwann tubes after short and long degeneration. No thoro^ 
investigation has been made of the changes in diameter of Schwatm o ^ 
during a period in which a nerve is left without innervation. Holmes 
Young [1942] were of the opinion that they underwent shrinkage, and t 
it was slowly progressive. We have now made some measurements of Schwaim 
tube sizes after both short (26 days) and prolonged (18 months) perio o 
degeneration. Text-figs. 4 and 6 show that the largest tubes occur in the mo 
branches in both cases. . , 

Text-fig. 4 shows the distribution of tube sizes per 1000 total tubes m 
motor branches of the tibial nerve after 26 days’ degeneration. It will be se^ 
that most of the tubes occur in the 0-2 fj, group, so that the diagram at 
sight appears strikingly different &om the histogram of the normal spectru 
of the fibre diameters (see Text-fig. 1). It must be remembered, however, t 
when studying a normal nerve we measnre only those fibres which stam wi 
a method designed to demonstrate the myelin sheath, whereas in thm ca 
the method stains the collagenous tubes investing the nerve fibres, u 
case of tube measurements we are no donbt including in the smallest six 
group the tubes of many non-myelinated fibres. Accordingly , to ma 'e 6 
histograms of tube size more closely comparable with those obtame 
measuring nerve fibres, the actual value for the number of tubes m the 
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tie distribution curve wotdd appear at a 1ov?ct diameter. However, tie 
Mstogram sbows a plateau between 6 and 10 wbicb gives it a very different 
shape from that in the cutaneoua branches. Until there is more information 
about the time of the disappearance of the bimodality of this distribution it 
is not possible to say more as to its cause. 

It is cleat from the above data that the differences in tube size after different 
times of denervation parallel the differences between the fibre spectra achieved 
after immediate and delayed suture. Specificity is retained, but both the 
tubes and the fibres which regenerate in them are smaller after long delay. lYc 
are thus led to conclude that the sizes attained by nerve fibres during re- 
generation are at least partly determined by the size of the tubes into which 
the fibres penetrate. 

Fibre sizes in the different branches after crushing the ncruc. The results of 
the experiments described above give us reason to believe that the Schwann 
tubes of the periphery exert a controlling influence on the maximum size 
attainable by the fibres regenerating within them. It is probable, however, 
that the size reached by a regenerating fibre also depends to a certain extent 
on the size of its parent fibre in the central stump. Gutmann & Sanders [1943] 
showed that fewer large fibres were regenerated after suture than after 
crushing the nerve, an appearance which they thought due to diversion, after 
suture, of some potentially large fibres into small tubes, where they failed to 
reach the diameters of which they were capable. When a nerve is sutured 
above the level at which it divides into motor and cutaneous branches, mixing 
of fibres in the scar of onion will ensure that both divisions of the peripheral 
stump receive sprouts from both large and small central fibres. If we assume 
that the size of its parent fibre in the central stump controls the diameter of 
which a regenerating fibre is potentially capable, while the size of the tube 
into which it penetrates acts restrictively in determining the diameter which 
the fibre actually attains, the following will be the situation after suture: In 
the cutaneous branches a number of foreign, potentially large, -fibres will be 
prevented from reaching their proper diameters owing to the relatively small 
size of the Schwann tubes of the branch; while in the motor branches some of 
the relatively large Schwann tubes will be penetrated by fibres, which, by virtue 
of the small size of their parent fibres in the central stump, can never be 
anything but small. However, some of the potentially large fibres invading 
the motor branch will be in large tubes and thus able to reach their proper 
diameters, while all similar fibres in the cutaneous branches will fail to do so 
Thus the net result of regeneration after suture will be to produce larger fibres 
m the motor than in the cutaneous branches, although the difference in mean 
diameter between the two sets of funiculi will be less marked than in normal 

a comparison of Table 1 

with Tables 2 and 3. r * j. 
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Te^fi histograms of tube size obtained in this way are given in 

1 , , S’ * 5 days denervation the cutaneous branches contained 

es up to 24/4 in diameter, while in the motor branches the upper limit of 
■ he noted at once that the upper limit of tube diameter 

o ^ sets of fumcuh greatly exceeds the largest diameter recorded vhen 
measuring the myelinated fibres of normal nerve (cf. Text-figs. 1, 4). Since 

* !,• tubes were measured, and the outside diameters of 

res, t s discrepancy cannot be due to the thickness of the cormective-tissiie 
enveloping each fibre. We must therefore conclude that the tubes at 
6 days are distended, probably by macrophages, an appearance already noted 
^ e res of small bimdles of the cutaneous nerve plexus by Glees [19iS]. 

oreover, closer comparison of the histograms shows that the smaller tubes 
(up to 10/i) have a distribution which is substantially the same as that d 
normal nerve. Hence it is probable that at 26 days it is only the larger tubes 
in t e nerve wliioh are distended. Presumably the processes of removal of 
axon and myelin remains takes longer in the larger fibres, which is readily 
^derstandable, as they contain larger amounts of material. This relatively 

elayed abso^tion of axonal and myelin debris bas also been descnbed 
Cajal [1928]. 

When the differences occasioned by the continued presence of macrophuS®^ 
in the larger tubes are taken into account, the histograms of tube size aftor 
early denervation show a general similarity to those of normal nerve. Tbe 
motor fumculi contain larger tubes than the cutaneous branches (see PI 2) 
9, 10), and the motor distribution is bimodal, with peaks at 3 and l6/i' 
These facts are also shown by the data of Table 4. 

These differences in tube size between motor and cutaneous branches are 
retained after prolonged degeneration (PI. 2, figs. 11, 12). This is shown both 
by Text-fig. 6 and the data of Table 4. In the motor branches after 18 months 
degeneration the upper limit of tube size was at 18 p. while in the cutaneous 
branches it was at 14/4, there -being very few tubes, however, greater than 12/i- 
Table 4 shows that the percentage of large tubes, and the average-tube sire, 
were larger in the motor funicnli. Moreover, this table also shows that there 
are fewer large tubes, and the average tube sizes are smaller, after a long than 
after a short period of denervation. In fact, after the long period the per- 
centages of large tubes, and the average tube sizes of both divisions of the 
nerve, are markedly less than the percentages of Isirge fibres, and the average 
fibre sizes of normal nerve (cf. Table 1). 

The histogram of tube sizes in the motor division of the stump denervated 
for a longer time does not show the bimodalitj that is characteristic of the 
same branches after only 26 days of denervation. If the only change in the 
diameter of the tubes during denervation were a progressive shrinkage, we 
should expect this bimodality to be retained, even though' the second peak in 
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assumed by various factors should approach those for normal nerve, fibres 
ueie therefore counted and measured in the motor and cutaneous dmsions 
of the peroneal nerve, 130, 200, 250 and 300 days after this nerve had been 
interrupted by firm localized crushing rath smooth-tipped forceps. The results 
of these measurements are given in Table 5 and Text-fig. 6. 

The results show that, even as early as 130 days after crushing, the fibres 
in the motor fumeuli are larger than in the cutaneous bundles. The percentages 
of large fibres and the avetage-fibre diameters are, houever, smaller than the 
normal value in both divisions, and the histogram of fibre distribution in the 
motor division shows no secondary peak. At 200, 250 and 300 days after 
crushing the large-fibre peak at 15 n is present. Moreover", in the motor branches 
the value of the large-fibre percentage and the average-fibre diameter approach 
those of normal nerve (cf. Table 1). However, in the cutaneons fnniculi it is 
only at 300 days that the large-fibre percentage approaches closely to the 
normal value, although the average-fibre diameters at all three times have 
a value similar to uormaL ^ 

These figures indicate that, after crushing, the nerve becomes very much 
more fully reconstituted than after suture, even the fibre spectra being 
iventnally restored (see also PI. 1, figs. 7, 8). Moreover, the difference in 
iverage-fibre diameter between the cutaneous and motor branches finally 
jecomes as great as normal (cf. Tables 1, 5). 


Discussros 

From the results of these experiments we may conclude that the final pattern 
of fibre sizes achieved after the regeneration of a nerve is determined by at 
least two factors. First, the final diameter of which any regenerating fibre is 
potentially capable depends on the calibre of its parent fibre in the central 
stump. Secondly, the maximnm diameter which any fibre actually attains in 
the peripheral stump depends on the size of the particular Schwann tube into 
which it penetrates. Thus if a stream of outflowing axoplasm whose parent 
fibre is large finds its way into a large tube the resultant mature fibre is large, 
but if the tube receiving the outflow is small, the final size which the fibre 
attains is limited by the tube and only a small fibre results. Conversely, if the 
outflow from a small parent fibre penetrates a large tube, the fibre remains 
small, as it cannot achieve maturation up to the limits of the tube. 

The peripheral stump preserves the pattern of the nerve during degeneration 
Parts of the nerve which nomiBUy contain fibres of definite and specific sizes 
return then specificity even during prolonged degeneration. However lona- 
teim denerva^tion is accompanied by shrinkage of peripheral Schwann’tub^ 
it K doubtful whether the deficiencies in fibre diameter which will result 
ftom this process when the stump becomes reinnervated can ever be made no 
Hoto,, *0 Yo™g [19421 to^id tta 3 
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A further test of this hypothesis is provided by the conditions obteiting 
after interruption of the nerve by crushing. Under these conditions veiy little 
mixin g of fibres in the scar occurs. Therefore potentially large fibres vrill ten 

Table 6. Nnmbers and sijes of fibres in the motor and ontaneous divisions of the peronwl 
nerve at different times after crushing the nerve 


Time 

130 days (rabbit 702) 
200 days (rabbit 706) 
260 days (rabbit 716) 
300 days (rabbit 704) 


Branch 

Total no. No. of fibres 

of fibres larger than 8 ft 

Motor 

4844 

799 

Cutaneous 

3600 

7 

Motor 

4012 

1464 

Cntaneoos 

3880 

357 

Motor 

4176 

1336 

Cutaneona 

3036 

240 

Motor 

4268 

1409 

Cutaneona 

2648 

471 

20 0 4 8 

Diameter in ft 
12 16 200 4 
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motor branches than after suture he regenerates, the values 

should eventuaUy become bimodal, and, m later reg 
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fibres -were fo\md; after 10 months of regeneration, in the motor funiculi than 
in the cutaneous, fibres in both, sets of funiculi were, however, smaller than 
after immediate cross-union, and the frequency distribution of fibre diameters 
in the motor funiculi was not bimodal. 

4. After 25 days of denervation the Schwann tubes of the motor funiculi 
were found to be larger than those of the cutaneous, and to have a bimodal 
distribution. Even after 161 months of clenervation, larger tubes were still 
found in the motor funiculi, but the tubes throughout the nerve were smaller 
than after only 25 days’ denervation. 

6. After crushing, the peroneal nerve regenerated larger fibres in the motor 
than in the cutaneous funiculi. The nerve was, however, much more com- 
pletely reconstituted after crushing than after suture or cross-union. Even 
the himodal character of the frequency distribution in the muscular branches 
was completely restored. 

6. All these results indicate that the' Schwann tubes which replace de- 
generating nerve fibres in tbe peripheral stump preserve tbe pattern of fibre 
sizes in the periphery during degeneration, and control the pattern of fibre 
' sizes which appears as a result of regeneration. This they do by restricting the 
diameter attained by new fibres regenerating within them. In the absence of 
this restrictive influence, the diameter of which a regenerating fibre is 
' potentially capable depends upon tbe calibre of the fibre feom which it arises 
in the central stump. e 

7. Since the Schwann tubes shrink during prolonged degeneration, delay of 
suture is followed by the regeneration of fibres which are abnormally small 
and poorly meduUated. 

The cost* of this re»esrch were defrayed by means of a grant from the KockefeEer Foundation, 
for whose continued support we are most gratefoL 
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diameter of fibres and degree of meduUation in tbe geripheral stump wk 
smaller than after immediate sutnre. The present experiments show t t 
deficiency continues to be manifest even after 10 months of regeneiato. 
Comparison of figs. 13 and 14 of PI. 2 and Text-figs. 2 and 3 shows thatm 
growth of fibres and their meduUation has proceeded much less ^ ' 

with the delayed suture. The degree of difference between the me a 
the two sides is not obviously less than after the 3 months , 

studied by Holmes & Young [19i2]. If there is any catching up on toepw^^ 
the long denervated side it must be a very slow process. Since e ci 
meduUation can hardly fail to have an adverse effect on t e e 
functioning of nerves, tve must further emphasize the conclusion a p^ ^ 
delay in suturing prejudices the chances of good recovery. T ^ ^ 

suggested by clinicians [see Poerster, 1929], and it is now apparen 
peripheral factors are likely to contribute to it [see GutmaM ^ 

in addition to the actual making of the union [Holmes & Young, < 
the deficiency in meduUation^ here reported. Unfortunately, i 
possible to say exactly to what extent the various factors opera , 
delay in suturing. In particular, we cannot yet plot the cu^e o 

diameter of Schwann tubes during the months of Letioi 

Ukely that any delay beyond the first month wiU adversely affect ^ 
recovery. Apart from certein special factors which 
month of degeneration, we may say that every delay puts fuit 
the way of the process of regeneration. 

SUMMAJIY 

1. In the lower part of the thigh of the rabbit the V 

divide into two sets of funicuU: («) those poster 

muscles of the shank; and (b) those which give nse to the antenor ^ 

tibial nerves and are predominantly sensory an ®^P^, _ situatii 

measurements of the meduUated nerve fibres present ^ 

show that the motor branches contam larger the&equei 

to the anterior and'posterior tibial nerves (ou^eous). > 

distribution of fibre diametem in the motor fumcuh is bimodal, with pe 

^ “'^One^'year after end-to-end suture of the peroneal 

after cross-union of the peroneal to the P®"P^®^® cutaneous ones, 

the motor funicuU were found to contam larger normal nerve, and 

The largest fibres in both branches were funicuU was not 

the frequency distribution of fibre diameters m the motor fumcuii 

bimodal. war cross-united to a tibial pen- 

3. In a case in which the peroneal neiv ^ p jg larger 

pheral stump, which had been previously dencrvate 
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THE EFFECT OF MORPHINE AND HYOSCINE 
ON DYE CONCENTRATION CURVES IN 
PLASMA VOLUME DETERMINATION 

By R. G. bowler, A. C. CROOKE an'd C. J. 0. R. MORRIS^ 
From the Medical Unit and the Clinical Laboratory, the London Hospital 


{Received 13 Aiipusl 1943) 


When Evans bine is injected into the circnlntion of normal indi-'.nduals a Con- 
stant dye concentration is reached rvithin 20 min. and this concentration is 
maintained for a farther 40 min. Sabseqacntly it dirmnishes at a rate of 
abont 5 % pel [Crooke & Morris. 1942]. In the coarse of investigations 
upon the plasma volume in patients nith shock, however, unaccountable 
alterations in the concentration of dye were sometimes found. A systematic 
examination of the factors which might be responsible for such anomalous 
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dye concentration curves has therefore been made. 

At first the anomalous results were thought to be associated with shook, 
but this was disproved by a normal curve 
occurring in a patient with severe trau- 
matic shock, and whose systolic blood 
pressure was consistently below 60 mm. 

Hg (Fig. Id). In contrast to this, a 
moderately shocked patient with second 
and third degree bums of the hands and 
face, whose systolic blood pressure varied 
from 140 to l&O mm. Hg, had an anomalous 
curve (Fig. Id). 

In order to investigate the problem 
under more controlled conditions, the dye 
concentration curves were examined in 
fourteen patients undergoing varions 
major operations. The patients were ^ven 
an injection of dye before the operation }• waioentratioii oorves in shock. 

and the concentration curve determined at 0 hows. 35 mg. 

1.1 . . mjectco. 

throughout the operation. A second in- 
jection of dye was then given in order to correct for the loss of dye from 
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EXPLANATION OF PLATES 1 AND 2 

All photographs showing myelinated nerve fibres were made firom preparations stained by lb* 

Flemming-Weigert technique. Rgs. 9-12 are of Schwann tubes stained with Heidenbam s pi®)- 

blue-black. 

Plate 1 

Pig. 1. Myelinated nerve fibres in a motor funiculus of the normal tdbial nerve. (928a 1. d.) 

Fig. 2. Myelinated nerve fibres in the funiculus of the normal tibial nerve which gives rise to tb# 
posterior tibial nerve. Note that the fibres are smaller than in fig. 1. (928a 1. f.) 

Fig. 3. Myelinated nerve fibres in a motor fbnionlns below an end-to-end suture of the perontd 
nerve made 1 year previously. (569A 2. 3.) 

Fig. 4. Myelinated nerve fibres in a ontaneous branch below an end-to-end suture of the perowf 
nerve made 1 year previously. Note smaller fibres than in fig. 3. (669A 2. 3.) 

Fig. 6. Myelinated nerve fibres in a motor .funionlns of the tibial nerve after 151 ® 

degeneration followed by 10 months of reinnervation. (452p 7. 4.) ^ 

Fig. 6. Myelinated nerve fibres in a ontaneous branch of the tibial nerve after 1^ ^ 

degeneration followed by 10 months of reinnervation. Note smaller fibres an 
(452p7.4.) 

Fig. 7. Myelinated nerve fibres in a motor fimicnlus 300 days after crushing the peronsa 
(704«1.2.) 

Jig. 8. Myelinated nerve fibres in a cutaneous branch 300 days after crushing the peron 
Note smaller fibres than in fig. 7. (704e 1. 2.) 

^ ■ dsp 

Fig. 9, Schwann tubes in a motor fumculus of the peripheral stump of the tibial 

after section. (724c 3.1.) 25d»P 

Fig. 10. Schwann tubes in a cutaneous branch of the peripheral stump of the tibial nerv 

after nerve section. Note smaller tubes than in fig. 9. (724c 3. 1.) ^ 

Fig. 11. Schwann tubes in a motor funiculus of the peripheral stump of the tibial nerve 61 

after nerve section, (722a 1. 1.) nerve 

Jig. 12. Schwann tubes in the cutaneous branch of the peripheral stump of the tibi 
161 months after nerve section. Note smaller tubes than in fig. 11. (7 a. 

Fig. 13. Myelinated nerve fibres in the posterior tibial nerve 65 mm. below an imm , ^ j 
union with the central stump of the peroneal nerve made 10 months previous y. ( 

Fig. 14. Myelinated nerve fibres in the posterior tibial nerve 10 montts ^er of 

below a cross union of the central stump of the peroneal nerve mt ® fenvr 

the tibial nerve sectioned 161 months before the umon was ma e. o 
fibres than in fig. 13. (452o 7. 4.) 
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the patient wtli bums (¥ig. lb), ^vbo had received an iniection of morphine 
sulphate 90 min. before the iniection of Evans blue. Individual vanations in 
the shape of the second curve were sometimes observed (Fig. 3a, 6). 



Fig. 3. Anomalous curves in normal subjects, a, after morphine. 6, after morphine-hyoscine- 
atropine mirture. First injection of dye at 0 hours (35 mg.). Injection of drug at Second 
injection of dye at 1 (35 mg.). 


The individual effects of morphine, hyoscine and atropine on the dye 
concentration curve 

The course of these experiments was similar to that described above, the 
drugs being administered separately. Eight normal volunteers were examined; 
three with morphine sulphate, two with hyoscine hydtobromide and three with 
atropine sulphate. Morphine sulphate and hyoscine hydrobromide had similar 
actions and typical anomalous curves were produced. Atropine sulphate had 
but httle effect. 


The persistence of the effect in the 7iormal subject 
A series of experiments was carried out in order to establish the duration 
of the effect in the normal subject. In one volunteer an anomalous curve was 
observed 6 hr. after the injection of morphine sulphate. This is seen in Fig. 36, 
which also shows that when the dye is injectedbefore the drag a normal curve 
is obtained for 6 hr. after the administration of the drug. This effect was 
observed invariably^ even when only 10 min. had elapsed between the injection 
of the dye and the drug. 


Simultaneous studies of the ffect by different 
methods of plasma volume estimation 

The possibility that the anomaly was due to the method of estimating Evan 
blue m plasma was suggested by the work of Bonnycastle [1942]. He ^ed th( 
direct method of estimation and found no alteration in plasma volume fol 

10—2 
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the circulation since the first injection, and the concentration curve again 
eternmed. About half of the dye concentration curves so obtained vere 
anoma ous. Anomalous second curves Vere not related to the second in- 
jection of Evans blue because we found that when two successive injections 
were given to normal individuals and correction made for the dye already in 
e circulation, normal flat dye -concentration curves were obtained (Fig. 2). 



Time in honri 


fig. 2. Dye concentration curves in a normal subject. First injection of dye at 0 boors (35 nig.; 

Second injection of dye at the arrow (35 mg.). 

The anomaly was also found to be unrelated to the type or severity of tin 
operation. Nor was the anaesthetic responsible for it, because an anomaloni 
curve began fn one patient before the anaesthetic was started, and in anotbci 
a normal curve was obtained immediately after a long period of anaestbesis, 
In all cases a hyosoine-morphine-atropine mixture had been given and in soijie 
cases the injection of these drugs preceded the injection of dye. It was tliere- 
fore decided to study the effect of these drugs on the dye concentration ciuv® 
m the normal subject. Twenty normal volunteers were examined. 

Experimental 

The effect of a hyoscine-morphine-airopine mixture on the 
dye concentration curve in the normal subject 

The techmque of plasma volume determination has been described pre- 
viously [Crooke & Morris, 1942]. Seven normal volunteers were injected with 
6-0 ml. of a 0-17 % solution of Evans blue and the dye concentration curve 
determined in the usual way. A normal control curve was obtained in every 
case. An injection of morphine sulphate 16-2 mg., hyoscine hydrobromidc 
0-65 mg., and atropine sulphate 0-66 mg. was then given. After a variable 
period of time, a second injection of the same amount of Evans blue was given 
and the dye concentration curve again determined. Generally the cur^'e 
showed a preliminary fall followed by a rise which was most marked 1-1*5 hr. 
after the second injection of dye. There was then a second fall which ultimately 
flattened out at a level significantly lower than that of the control curve. Tliis 
type of curve is illustrated by Eig. 36. It is very similar to that shown by 
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it lias never exceeded tb.e amount given at tte second injection. After tire 
period of abnormally rapid elimination the dye concentration again becomes 
relatively constant. This may be obscured however in subjects showing the 
most rapid elimination because the concentration then becomes so low that 
accurate estimation is impossible. Abnormally rapid elimination has never 
occurred when the dye was given before the drug so that the dye was uniformly 
distributed. Ihe cause oi thiB abnormally rapid elimination of dye is uncertain, 
since the normal mechanism of elimination is still obscure, Gibson & Evans 
[1937] have suggested that dyes of this class are mainly taken up by the reticulo- 
endothelial system and stored there until their eventual degradation. In the 
normal subject we have found that the rate of elimination is roughly pro- 
portional to the concentration of dye in the blood. If therefore, as a result of 
abnormal mixing, relatively high concentrations of dye persist for an appreci- 
able time in certain parts of the circulation, it is probable that abnormally 
rapid elimination will occur in these areas. Probably mixing eventually becomes 
complete as is shown by the flattening of the curve. The dye concentration is 
now however at a lower level than in the initial control curve, indicating a 
falsely high plasma volume. This explanation of abnormally rapid elimination 
of dye which occurs only during the period of abnormal mixing is consistent 
with the observation that dye which is already normally mixed prior to the 
injection of the drug is eliminated at the normal rate. 

Normal flat curves are invariably obtained if the injection of Evans bine 
precedes the injection of morphine or hyoscine by a period (about 20 ruin.) 
sufficiently long to allow of normal mixing. Plasma volume may be determined 
satisfactorily in shocked patients provided this precaution is observed. 


SUMMABT 

1. Anomalous dye concentration curves have been found in plasma volume 
determinationB following the administration of morphine and hyoscine. 

2. The mechanism responsible for this anomaly is discussed. 


The authors are indebted to Dr Mile* for access to clinical material at Oldchnrch Hospital 
Romford, and to Mr R. Watou for technical assistance. Thfe cost of this reaearch was deWed 
from the Yarrow Rond of the Inndon Hospital. 
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lowing the injection of morphine. A healthy fasting volunteer 'was therefore 
subjected to the experimental procedure already described, an injection of 
t e morphine-hyoscine-atropine mixture being given. The dye concentration 
in the plasma w^as measured by the direct method of Bormycastle, by the 
method of Harington, Pochin & Squire [1940] and by otu own method. The 
second curve was found to be anomalous by all three methods (Fig. 4). 



Time in iioiirs 

Tig. 4. Anomalous dorves in a normal subject. Plasma volume estimated by three metho^ 

Crooke & Morris [1942]. BonnycastIe[1942]. Harington, Pochin i Sqidre 

[194,0]. First injection of dye at 0 hours (36 mg.). Injection of drug at J. Second iajwh® 
of dye at (35 mg.). 1 

Discussion 

It is probable that at least two factors are concerned in the production of 
anomalous dye concentration curves. The first is unequal distribution of Evans 
blue in the circulation. This is suggested by the initial fall and subsequent rise 
which occurs in most anomalous curves. The delayed return of dye to the peri- 
pheral-circulation can hardly be e'xplained by any hypothesis other than that 
of unequal distribution. Rein [1929]' has shown that the partition of blood 
between the peripheral and visceral regions of the circulation can vary widely 
in dogs with small alterations in temperature within the physiological range, 
and also under the influence of certain drugs. Morphine and hyoscine may 
influence the distribution of blood to different parts of the circulation. The small 
volume of blood in the antecubital vein containing the whole of the injected 
dye win then be distributed according to the rate of flow in the different parts 
of the circulation, those areas with the greater perfusion rate receiving the 
larger quantity of dye. Eventually the distribution will become uniform. The 
second factor is an abnormally rapid elimination of Evans blue from the 
circulation. The amount of dye lost varies markedly in different subjects, but 
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. CERVIX VTERI IXiXWO 

\ritt foimalia vdtliout disturViug the baboon. Vrhen the uterus uras laid open 
the cervix rras easily recognized because of the granular character of its lining 
membrane. The apparatus vras calibrated at the end of each experiment by 
substituting a graduated pipette for the cervical balloon. A scale yas dravm 
on the smohed paper corresponding to hundredths of a c.c. change in volume. 

The cornual movements uere recorded by the cannula described by Bell & 
Bobson [1936] and records vrete made directly on the smoked drum; no 
photoelectric amphfication vras necessary. We are satisfied that contractions 
of the cornu did not affect the cervical record. The experimental evidence for 
this is given later under the heading of ‘ evidence for the separate identity of 
the cervix and cornu’. 



~ I I . 1 .1 . 1 


Fig. 1. Diagram of cannola and balloon in position in tbe cervical canaL C, cervix. T, vagina. 
A, cannnla. B, baEoon. S, sleeve. D, cnp-Bhaped end of sleeve. 


A small glass cannula with a rubber stopper was tied into the external 
jugular veiu. All drugs were injected through this stopper by means of a 
hypodermic needle. The rigidity of the stopper prevented any alteration of 
volume on withdrawal of the needle, no blood was sucked into the cannula and 
clotting was avoided. 

In certain of the experiments it was necessary to compare the effect of a quick 
injection with a continuons injection. A quick injection means that it was 
given in the usual way by means of a hypodermic syringe, the total time of in- 
jection being only a few seconds. A continnous injection, on tbe other hand 
lasted in these experiments about 20 min. A block of wood on a lead screw 
driven by an electric motor through reduction gearing gradually pressed out 
the contents of a 10 c.c. syringe which was connected to the vein by a narrow 
rubber tube ending in a needle passed into the stopper of the non-clottin<^ 
cannula. ' 

Details of the pre-operative treatment of the animals will be found in the 
description of the results. Guinea-pigs were anaesthetized with chloralose 
gven anbcutaneonsly (7 mg./kg.), supplemented by ether when necessary. 
Rabbits and cats were anaesthetized with nembutal (50 mg./kg ) given sub 
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the beha vigour oe the cervix uteri in vivo 

By J. ADLEE, G. H. BELL and J. A. C. ENOX 

From the Institute of Physiology, University of Glasgtno 

{Received 23 October 1943) 

The most important work on the behaviour of the cervix uteri is that of Nevtw 
[1934, 1937], who found that the cervical muscle, examined in vitro, was it 
sensitive to the oxytocic principle of the posterior lobe of the pituitary ani 
a so that there was evidence of reciprocal activity between the cervix and tie 
horn of the uterus. Observations on the activitj of the horn of the uterus ia 
differentr species indicate that there may be wide discrepancies between tic 
behaviour of excised tissues and the behaviour of the same tissues in the intect 
animal. In view of this difficulty and its importance in relation to the theory of 
parturition we thought it advisable to repeat the experiments on the cerrii 
in vivo. By investigating three species, guinea-pig, rabbit and cat, we hoped to 
make our conclusions as general as possible, since species differences are so 
common in this field. 

Method 

The movements of the cervix were recorded by placing a small rubber balloon 
in the cervical canal. These movements are very small, and it was soon op' 
parent that the usual methods of volume recording by tambours were too easily 
upset by environmental changes at the sensitivity required. A new optical 
device was therefore designed and has already been described [Adler, Bell & 
Knox, 1941]. This apparatus has the advantage of giving immediate records 
on smoked paper. In all cases the capacity of the balloon was 0-3 c.c., this 
being approximately the capacity of the prism. The balloon was tied on the end 
of a fine metal cannula which carried a moveable sleeve with a cup-shaped end- 
After separating the bladder and vagina by blunt dissection the undistended 
balloon was inserted through a mid-line incision in the vaginal wall into the 
cervical canal, and the cup-shaped end was stitched to the lip of the cervix 
(Fig. 1). The cannula was-then puUed back through the sleeve until the balloon 
was just touching the cup. The balloon was now fixed in the cervical canal, and 
could not slip forward into the uterine horn. The balloon and cannula were 
filled and connected to the recording device by a waterfiUed tube ; the balloon 
was thus under a pressure of 7 cm. of water. At the end of each experiment the 
position of the balloon was checked by inspection or by fixing the uterus in situ 
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cutaneously. In aU experiments an attempt was made fo estimate the 
tkresliold dose of oxytocin for both cornu and cervix, using a •specially purified 
oxytocic hormone (purified pitocin), kindly supplied by Dr White of Parke 
Davis and Co. The other drugs used were adrenaline chloride (Parke Davis and 
Co.), acetylcholine (Pragmoline, May and Baker Ltd.), and vasopressin 
(Pitressin, stock sample, Parke Davis and Co.). 


Results 

The results of the experiments are summarized in Table 1, In the following 
description the word ‘ uterus ’ should be taken to include both cornu and cerni. 

Gtiinea-pigs 

Group I, non-pregnant. A fortnight after spaying, three animals were give 
0'06 mg. oestrone in oil daily for 7 days; recording of uterine movements oo 
place 3 days later. Three animals were given 1 mg. oestradiol dipropion^ 
(kindly supplied by Mr Taylor of Ciba Ltd.) after spaying, the experirnent 
carried out a week later. Lastly, three intact animals were operate upo 
oestrus ; all showed large follicles in the ovaries. 

Group II, non-pregnant guinea-pigs. Four animals received 0-05 mg. oe 
in oil for 7 days (as in group I) ; on each of the next 3 days they receive ^ 
of progesterone (Proluton, ‘kindly supplied by Messrs Schering 

were made on the day after the last injection of progesterone. In a 

intact animals were operated upon 7 days after the opening o t e v o 
(which occurs at oestrus), large corpora liitea being present. r m 65 

Group III, pregnant guinea-pigs near term. These five animals were o 

to 60 days pregnant. The age of the pregnancy was judged from t e o 

the foetuses [BeU, 1941]. . nimak 

Group IV, parturient guinea-pigs. Except in one case, these seven a 

were operated on within 12 hr. of parturition. In one instance t e exp 
began within half an hour of delivery. . . 

The spontaneous movements were in all cases measimed at^t e e^ 
the experiment before any drugs, except the anaesthetic, ha een m 
into the circulation. The cervix showed spontaneous movements m t^enrj 

of twenty-seven experiments; the amplitude depended more on t e 

cervix than on the hormonal condition of the animal. In those case 
no cervical activity was noted early in the experiment it rprviJ 

on. The frequency of the spontaneous contractions was S ^°ioor. Adlei 
than in the cornu. As has been previously shown [Bell & 

& Bell, 1943] there is very little difference between t e e jjj 

cornual muscle in groups I and H; the threshold dose of pitocin m ^o p 
L much lower (Be^ 19^41]. T^e cervrix responded 
contracting in all cases except two, in which the o > 
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adequate. The threshold dose.required to produce a contraction of the cer%nx. 

• was about three or four times that required to produce a contraction of the 
' cornu in the same animal. In addition, the cerncal response to a given dose of 
' nitocin was of very much shorter duration than that of the cornu; for example, 

■ in the case of CB 39 (Fig. 2), after the intravenous injection of 0-01 o.ii. (oxj'tocic 

units) of pitocin, the rise of tone lasted for 3 miH. in the case of the cermx, and for 

• 90 min. in the case of the cornu. To explore this question further, continuous 
iniections were ^ven. Thus CB 53 was given 0-13 o.u. pitocin in 18 niin.; the 



in 18 min. 


CB 53 



Fig. 3. CB 63. Guinea-pig, B hr. post-partum. Contiuuona iujectioa of pitociu. Time tracing in 

minutes. 


cornu showed increased activity for IJ hr., whereas the effect on the cervix 
was over in about 18 min. ; thereafter for about | hr. the cervix was less active 
than before the injection (Fig. 3). A characteristic feature of many of the 
tracings, shown in both Figs. 2 and 3, was that after the short period of tonic 
contraction of the cervix following injection of pitocin there was for a time 
increased clonic activity, i.e. isolated contractions with intervening periods of 
complete relaxation. As shown in Fig. 3, while the comn was still tonically 
contracted under the influence of pitocin, the intervals between the clonic 
contractions of the cervix steadily lengthened and were for a time much greater 
than before tbe iniection of pitocin. 
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Fig. 4. CB 43. Guinea-pig at oestrus. Effect of intravenous injection of JOjig. adrenaline. The 
steady fall in the cervical tracing is due to a very slon- leak in the recording system. 
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Fig. 6. CBB6. Rabbit, 11 hr. post-partnm. Effect of intravenous injection of 10 pg. adrenaline. 
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Rabbits 

Group V, non-pregnant rabbits. These three animals vere spayed and 5 dap 
later were given 1 or 2 mg. ofestradiol dipropionate ; 1 week later the movements 
of the uterus were recorded. 

Group YI, pregnant rabbit. From the length and weight of the foetuses [see 
table in Needham, 1931] this animal was approximately 27 days pregnant. 

Group VII, parturient rabbits. These five animals were operated upon vitma 
12 hr. of full-time parturition. In one case, one living foetus still remained 
within the uterine horn, two" having been born shortly before the experiment 

The cervix and the cornu showed spontaneous movements in all nme cases, 
the largest amplitudes being shown by the parturient animals. The threshold 
dose of pitocin for the cervix was in all cases higher than that for the cornn 
the range being from three to ten times. There was very little difference be- 
tween the behaviour of the uteri in the three groups, except that the parturient 
animals were more reactive -to oxytocin than the non-pregnant animals,® 
spite of the very large dose of oestrogenic material given to the latter. 


Cats 

Three non-pregnant cats were spayed and injected with large doses of 
oestrin, up to a total of 6 mg. of d^stradiol dipropionate at intervals over 
1 month. In aU cases the cervisf remained extremely narrow and rigid an 
not permit the passage of the balloon. 

Group YIII, pregnant cat. This animal was approximately 1 week 
partum judged by the length of the foetuses [see data in Windle & Gri : 

1931]. . . 

Group IX, parturient cats. Records were obtained from these two anuna 

within 12 hr. of normal full-time delivery. - . . 

In this species it was again found thafthe cervix contracted after an 
tion of pitocin, was less reactive than the horn, and that the effect on it o 
given dose was shorter. 

Action of adrenaline 

In guinea-pigs this drug, administered intravenously, usually produced ^ 
relaxation of the cornu, but was often without effect in the 
(usually not more than 50/xg.) ; this is in agreement with Gunn & Gunn [ 

Its effect on the cervix was extremely variable, contractions and ^ 

being produced in approximately equal numbers. Newton found ^ 
guinea-pig cervix in vitro was contracted by adrenaline. There were on y 
cases of reciprocal activity between the cervix and the cornu (Fig. 4). • 

rabbit, on the other hand, the cervix always contracted after . 

adrenaline, although in some cases this was followed by a re axation ( 
the effect on the cornu was usually a contraction [see a o ang ey, , 
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Action of ‘pHrcssin 

The action of pitressin could be fully accounted for on the basis of its 


xytocin content. 


Discnsstox 


Chete is no doubt non- that the cet%-is uteri can be made to contract in the 
iving animal under the inanence of the oxytocic principle of the posterior lobe 
of the pituitary gland. This is in direct contrast to the results obtained by 
Nervton [1934, 1937] mho found that the cervix in the goat, rat and guinea-pig 
mhen examined in vitro vras quite insensitive to oxytocin. The large molecule' 
of oxytocin may penetrate the muscle cells of the cervix in vitro mith difficulty, 
but it may obtain access more easily via the circulation. The small molecule 
of adrenaline can apparently reach the cervical muscle cells readily in vitro. 
The uterine muscle of the monkey [Bell, 1942] behaves similarly, being more 
reactive to oxytocin in vivo than in vitro; also in vitro it is easily stimulated by 
the small molecule of histamine. This is, however, not an invariable finding, 
the uterine muscle of the guinea-pig, for example, being more sensitive to 
oxytocin vi vitro than in vivo [Bell & Robson, 1936; Bell, 1941]. . 

On general principles it would seem wiser to build a theory of parturition on 
evidence obtained from experiments performed in vivo. The question then 
arises as to the position of the oxytocic principle of the posterior lobe as ti/e 
oxytocic agent concerned in parturition. Newton says [1934] : ‘ If labour js due 
to the action of an oxytocic substance the advantages of insensitivity to such 
bodies on the part of the circular cervical muscle are obvious.’ Again [1937] : 
‘ The most severe, and at the same time the most easily demonxtrable, type of 
inco-ordination would be a simultaneous contraction of the cervix and cornu 


of the uterus, and in the author’s opinion this would, if brought about by the 
oxytocic principle, definitely settle all doubts on the score of its physiological 
activity.’ The present work at first sight seems, therefore, to require that the 
oxytocin theory of parturition be discarded. There are, however, two miti- 
gating features; first, the cervical threshold is higher than the cornual, and 
secondly, the effect of oxytocin on the cervix is relatively transient. 


K we accept the possibility of a certain balance of strength bet.ween the 
cervical and cornual musculature we may fit the present findings into an oxy- 
tocic theory of parturition in the following way. In the latter part of preg- 
nancy the uterine movements ate of considerable amplitude; it may be that 
they are spontaneous or it may be that they are caused or augmented by oxy- 
tocin. The cervix may during this time remain unaffected. lYhen the secreti^ 
of ox^cin increases and the first stage of labour begins the cervix will be 
Btamulated and the constriction of the cervix, while the body is also showins. 
acrive contractions, will aid in the development of the lower uterine semnent 
and perhaps also m the moulding of the foetal head. After a time however’ 
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1906]. There was thus -no clear-cut instance of reciprocal activity in this 
species. The parturient cats both showed reciprocal activity to adrenatae, t e 
horn relaxing [see also Dale', 1906] while the cervix contracted 
pregnant cat adrenaline relaxed both parts of the uterus; Dae [ J M 
Gushny [1906] obtained a contraction of the horn. Kehrer [1907] fonn a 
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the pregnant cat cervix was contracted in vitro by , n ^ cf the 

spayed eata treated with oestradiol, 

cornu; thi. i. in agreement with the finding, ot Dale and Cushny m vwgm 

Action of acetylcholine 

AcetylchoUne usuaUy had no effect 'on *^terertowards the 

It ought to be stated, f^oein and adrenaline had been 

end of the experiments when the ^ to be laid on the absence 

investigated, and accordingly not much stress g 

of effect. 
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the guinea-pig reciprocal activity is probably present during di-oestrus anci • 
early pregnancy, but not at oestrus [see Newton, 1934:, 1937]. All the evidence 
from the three species we have investigated shows that reciprocal activity to 
adrenaline is by no means general, and the variability of the results makes it 
•difficult to find any role for this substance in pregnancy or parturition. 
Evidence for the separate identity of the cervix and cornu, Newton’s oxperi- 
lents in vitro demonstrate that pharmacologically the cervix and cornu are 
^nite different tissues. Our evidence obtained fn vivo strongly suggests that 
hese two parts of the uterus are also physiologically separate. In vivo the 
pontaneous activity of the body and the cervix of the uterus was not very 
hssimilar, as will be seen from the figures, but there were differences in detail 
n the contractions {e.g. fast portion of Eig. 2). Also cervical contractions were 
ibserved in the absence of cornual contractions and vice versa. Usually, how- 
ever, when the cornu contracted the cervix contracted a few seconds later (fast 
portion of Fig. 2). The following series of stop-watch observations on suc- 
cessive spontaneous movements in a parturient rabbit (CBE. 5) shows that 
there may he considerable variations in the interval between cornual and 
cervical contractions (-)- means that the cervix is leading, and — means that 
the cornu is leading by the stated number of seconds) : +2, -1-4, -f2, —2, —7, 
-2, -6, -9, -11, -11, -11, -10, -7, -7, -3, -2, -6, -5, -6, -5, 
-11, -1,0,0, -t-2, +2, -^3,0, -7, -6,0, -9, -10, -7, -16, -11, -18, 
— 19. Moir [1934] found that in the puerperal human subject the cervical 
rhythm appeared to be independent of that of the fundus, but that there were 
a few tracings in which the two were plainly co-ordinated. When in addition 
to these observations we take into account the examples of reciprocal activity 
to adrenaline, and the differences in the responses of the cervix and cornu to 
pitocin, we must conclude that the cervix is not merely the end of the uterus, 
but that it is a specially modified part of that organ with a physiological and 
pharmacological identity. 


SxjltMABY 

1 . The movements of the smooth muscle of the cervix andcornu of the guinea- 

pig, rabbit and cat have been examined in the living animal in the non- 
pregnant, pregnant and parturient states. In the majority of cases the cervix 
showed spontaneous movements of small amplitude, but of greater frequency 
than those of the cornu; . ^ 

2. The cervm in nearly all cases contracted after intravenous injection of 

purified oxytocin ; the threshold dose was usually several times higher than that 
for the cornu, but the cervical response to a given dose of oxytocin was of much 
shorter duration than that of the cornu. These results are very different from 
those ot Nerton [1934, 4937] who,f,m.d th.t the io,eo.iti™ 
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the cervix will cease to be affected by the oxytocic principle and dilatation of 
the uterine os can then take place. In addition, the peculiar behaviour of tie 
cervical musculature towards the, oxytocic, hormone may have the effect of 
preventing precipitate labour, and may be a good example of co-ordination 
rather than a severe type of inco-ordination as Newton would have it. 

Cervical dystocia. It may be mentioned that true cervical dystocia is, apart 
from trauma or disease, an infrequent occurrence [Sackett, 1941], being nsnallj 
encountered in elderly primigravidae with a history of constitutional defioiencj 
and genital imderdevelopment. If, as suggested above, the cervix plays souk- 
thing more than a mere mechanical role in parturition this association of 
cervical dystocia with symptoms of endocrine disturbance may be significant. 

Preparation of the cervix for parturition. The cervix in the pregnant aoi 
parturient animals was always larger than in the non-pregnant animals, ari 
was in addition somewhat oedematous. This hypertrophy may be due to th 
same causes, hormonal and mechanical, as those which stimulate the growti 
' of the pregnant uterus. The guinea-pig results indicate that the increase in the 
size of the cervix, estimated directly and from the exdent of the spontaneous 
movements, cannot be accounted for on the basis of the action of either or both 
of the ovarian hormones. The reactions of the pregnant and non-pregnsut 
cervix to drugs show no clear-cut differences except perhaps that the threshold 
to pitocin is lower in the case of the pregnant guinea-pigs. In the case of the 
pregnant rabbits the cervix appeared to be more oedematous but was v^ 
little larger than in the spayed animals treated with large doses of oestradioh 
The cervix of the parturient rabbits was much more reactive to oxytocin than 
that of the spayed animals, although the latter had been given very large doses 
of oestradiol ; this statement applies also to the horn in these groups (V an 
VII). These findings make it doubtful if oestrogenic stimulation is the coin 
plete explanation of the high reactivity observed ^t parturition. This is is 
conflict with the usual description of the cause of the high reactivity at 
parturition in rabbits [Eobson, 1933] which was founded on experiments in 
vitro. The cervix in groups V and Vll was highly reactive to adrenaline (m 
some cases less than 1 [xg. was effective), but there was no distinction between 
the two groups. In the case of the cat there is no doubt whatever that intensive 
oestrin treatment by itself cannot account for the very great change from the 
small, very firm cervix of the non-pregnant condition to the large and 
matous cervix of parturition. The number of animals in groups Vin and if 
is too Small to allow any conclusions to be drawn from the actions of pitocin 
and adrenaline. 

Reciprocal activity. Eeciprocal activity between the cendx and cornu is not 
prominent in the present work. In vitro, the cervix of the goat and guinea-pig 
is contracted by adrenahne, while that of the rat is not affected, and it is o y 
in the goat that a clear-cut case for reciprocal activity has been made out, m 
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' THE EXCRETION OF HISTAMINE IN URINE 

By G. T. AXREP, M. S. ATADI. G. S. BARSOHM, 

J. R. SMITH AM) M. M. TALAAT 
From the Depariment- of Physiology, University of Cairo, Egypt 

{Received 1 December 1943) 

Attempts to demonstrate tEe presence of Mstnmine in normal urine .bv 
biolo^cal metbods have been, so fax, unsnccessfoL Even after injection of 
large" amounts of bistamine none could be detected in tbe urine [Dale k 
Laidlavr. 1910; Oebma, 1913: Guggenbeim A Loeffier. 1916]. On tbe other 
band. Best k McHeniy [1930] report that neutralized HCl bydrolvsates of 
dog's' urine lo-srer tbe blood pressure of tbe atropinized cat and suggest 
uitbout, bowever, any fuitber evidence, that tbe effect might be due to 
bistamine. On this assumption they estimated tbe bistamine equivalent of 
tbe tvro urine samples vrbicb they analysed as 0-2 pg./c.c. Macgregor A Peat 
[1933] detected histamine in tbe urine when large amounts of tbe substance 
vreie added to tbe blood in a perfused kidney. The concentration in the blood 
in these experiments must have been much higher than ever occurs in tbe 
intact animab Engar A Pocoule [1937] found no bistamine in human urine. 
On tbe available evidence Eeldberg & SchiLf [1930] and Gaddnm [1936] 
conclude that histamine is probably not normally excreted by tbe kidneys. 

Tbe rekdts of isolation of histamine by chemical methods ftom large 
amounts of urine were more satisfactory. According to Koch [1913] bistamine 
can be isolated from tbe urine of paratbyroidectomized dogs. Revoltella 
[1927] claims that bistamine is excreted in eclampsia, and EapeHer-Adler 
[1941] isolated from tbe urine of a woman suffering from severe pre-eclamptic 
toxaemia about 1 mg. of bistamine base per btre of urine. Ackermann A 
Fuchs [1939] obtained 0-9 mg. of bistamine dipicrate per litre of normal urine • 
tbe amount was too small for unequivocal identification. 

^In tbe course of our experiments we found that extracts of normal urine 
prepared by a modified technique of Baisoum & Gaddnm [1935] are inactive 
when tested for bistamine unless they have been previouslv hvdrolysed in 
acid. After hydrolysis in HCl tbe extracts show ummstak^ble evidence of 
containing bistamine which greatly varies' in amount in different specimens 
of urme. It will be shown that bistamine is normallv excreted in a conjueated 
and inactive form from which tbe active base can be released by bydrol^. 

11—2 
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3. The action of adrenaline on the guinea-pig cervix was very variable. In 
the rabbit and in the parturient cats the cervix contracted; in a pregnant cat 
adrenaline relaxed the cervix. 

4. The present findings ‘may be readily fitted into an oxytocic tbeoiy of 
parturition. It is difficult to account for the condition of the cervix at partnii- 
tion on the basis of oestrogenic stimulation. The cervix appears to be a speciaBj' 
modified part of the uterus with a physiological and pharmacological identity. 

We wish to thank Prof. E. P. Cathcart for his interest in the work. The expenses of this nseuA 
were de&ayed by the Rankin Medical Research Fund of the University of Glasgow. 
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EXCRETIOS OF HlSTAMiyE IS URIXE lot 

sTiitable for q-aantitative tests, since they all contain a vanable amount of 
relaxing material vrbicb is especially noticeable -when the assay is made on 
the rectal caecum of the fowl. The relaxing material can be removed by 
adsorption on alnmimnm oxide -(B.D.H. ‘for adsorption ). Each extract is 
treated with about 1 g. of the adsorbent and filtered. The pH of some extracts 
has to be readjusted after treatment with aluminium oxide by addition of a 
trace of HCl. Adsorption on AhOj should not be omitted unless the histamine 
equivalent of an extract is so high that it can be diluted o^lO tunes. The 
four extracts ate now readv for the assay. As a routine the tests were made 
on the guinea-pig’s ileum and on the rectal caecum of the fowl. The test object 
was suspended in a slightly atropinked (1 in 10^ Tyrode solution in a bath 
of 5 c.c. capacity at 36'’ C. In other details we followed the usual procedure 
as recommended by Barsoum & Graddum [1935}. 

The charcoal filtrate. There is no significant difference between the hydro- 
lysed and non-hydrolysed fractions of the filtrate. After adsorption on AUOj 
both evoke contractions of the ilenm, which are, however, not typical of 
- histamine. The contractions are not sustained; on repetition of the injection 
• they dimim'sh in strength, but large doses of the extract may cause a tem- 
porary diminution of the sensitivity of the ilenm to histamine, and the con- 
tractions are not abolished by the selective paralysis of the ilenm with large 
doses, of histamine [Barsoum & Gaddum, 1935} or with traces of the drug 
F 933 [Cngar, Parrot & Bovet, 1937}. Expressed in terms of histamine acid 
phosphate the activity of these extracts varies for human urine between 0-03 
and 0-12fig./c.c. After five or six injections the ilemn becomes insensitive to 
these extracts, still retaining its sensitivity to histamine. Although extracts 
of the filtrate contain, no histamine their occasional assay is useful as providing 
a check on the completeness with which the histamine has been adsorbed on 
the charcoal. 


The charcoal elnale. The nnhydrolysed extracts of most charcoal elnates of 
dog’s and human urine are inactive when tested on the ilenm and cause a 
conspicuous relaxation of the rectal caecum. The relaxation is abolished bv 
treatment of the extracts with AUO 3 . The histamine equivalent of those few 
extracts which evoke a contraction of the ileum is below 0-1 (ig.je.c. Injection 
of non-hydrolysed extracts into an atropinked dog, in amounts equivalent to 
40 c.c. urine, has no effect on the blood pressure. However, under certain 
experimental conditions and in some animals in which Mstamine is normally 
excreted in a free form or when some histamine has been added to the urine 
the assay of the non-hydrolysed extracts gives positive results. As will be' 
shown below, the non-hydrolysed extracts of the eluate can be nsed for qnahti- 
tative estimation of free histamine in the urine. After acid hvdrolvsis the 
exriact of the eluate shows a striking increase of activity. The extent of 
this effect can be seen from Table 1 and Fig, 1 . 
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Conjugated histamine 


Conjugated histamine like the free base is readily adsorbed from the uiim 
by charcoal (B.D.H. decolorizing charcoal) from which it can be released by 
repeated washing with acidulated alcohol. A large amount of conjugated 
histamine can be thus collected on a relatively small amount of the adsoibeat. 
The eluate is almost free from inorganic salts and from a considerable amount 
of the organic substances of the urine. The following method is used by as 
for the preparation of conjugated histamine. 

Method. 10 c.c. urine are shaken with about 0'26 g. charcoal and filtaed 
under suction. The filtrate is preserved for further analysis and the chaicod 
on the filter is washed with cold water. After allowing most of the 
drain, 10 c.c. 0'3iV HCl in 95% alcohol are passed through the charccA 
The first portion of acidulated alcohol removes the remaining water. Fuitis 
portions of acidulated alcohol, 10 c.c. each, are then ))assed through the filtW' 
Each portion is passed 3-4 times, about 40—60 c.c. being used in all. Begmi®? 
with the second portion the (Strength of the acidulated alcohol may be reduce! 
fr* 76%. All the alcoholic eluates, including the first, are joined togetbsr 
and carefully neutrahzed. The charcoal filtrate and the alcoholic , eluate ai® 
divided into two parts. One part of each is hydrolysed .in HCl while tbc 
respective remainders are dried in vacuo^ on a boiling water-bath. For tbe 
hydrolysis 10 c.c. cone. HCl and about 60 c.c. water are added and the 
mixture is boiled for 1-6 hr., water being occasionally added to preveut 
desiccation. Towards the end of the hydrolysis the volume of the mixture is 
reduced to a few c.c. The two hydrolysates are evaporated to dryness on a 
water-bath under suction. Four portions of 10 c.c. 96% alcohol are added 
and distilled off in order to remove the HCl. The dried residues of the hydro- 


lysed and non-hydrolysed fractions of the filtrate and of the eluate’ are then 
extracted by a technique similar to that of Barsoum.(fc Gaddum [1936]. The 
extraction is made -with four lots, 3 c.c. each, of absolute alcohol saturat 
with NaCl. The residue usually forms a crust at the bottom and on the side^ 
of the flask, so that a certain amount of scraping with a gla^ rod is necessary 
during the extraction. The alcoholic extracts are filtered and evaporated to 
dryness. The dry residue is taken up in 4-4 c.c. water and neutralized to 
bromo-thymol blue with a; c.c. N NaOH; (0-6— a;) c.c. N- NaCl (5-86 ^1 
are then added to make the total volume equal to 5 c.c. IVhen more than 
0-6 c.c. of the normal alkali is required the neutralization is 
with N/7 NaOH after which Tyrode solution is added to any desired 


volume. 

As a result of this procedure we have now four extracts: a hydrolysed an 
a non-hydrolysed extract of the filtrate and a hydrolysed and a non-hydrolyse 
extract of the eluate. At this stage of preparation the four extracts arc not 
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Precautions neccssanj during the 'preparation and hydrolysis of conjugated 
Mslamine. .The . amount of charcoal used for the adsorption of conjugated 
histamin4 should not be reduced below 0-2 g. per 10 c.c. urine if quantitative 
results are desired, men half this amount is used some of the substance 
escapes adsorption.- men large amounts of urine ate employed at least 
150-200 g. charcoal per 1. urine should be used. The necessary amount will vary 
with the brand of charcoal. Variations in the pH of urine between 5-5 and 9-0 
do not affect the completeness of the adsorption. 

The recovery of conjugated histamine from the charcoal -with non-acidulated 
absolute alcohol is incomplete. The acidity of the alcohol should not be below 
0-15 V HCl and the alcohol not below 70%. After many trials we found the 
recommendations given earlier to answer the purpose, namely O-ZN HGl in 
95% alcohol for the first and in 75% alcohol for the subsequent washings, 
men large amounts of charcoal are worked on, it is advisable to remove it 
rom the filter, mix 'with about 300-400 c.c. acidulated alcohol, and refilter. 
The process must be repeated several times. 

The duration of the hydrolysis should not be less than 1 hr. When shortened 
to 30 or 45 min. the yield of free histamine is about 75 and 90% respectively. 
'(V’e always continue the hydrolysis for 1-5 hr., but further prolongation is 
without harm. Conjugated histamine, like the free base, is soluble in alcohol 
and water and insoluble in ether. 

Histamine can be released from the conjugated form also by hydrolysis in 
alkali. However, this method presents the disadvantage that the released 
histamine itself undergoes a gradual destruction. For example, hydrolysis of 
a 5 c.c. sample of urine in acid yielded 2-25 pg. histamine. Hydrolysis of a 
second sample in 0-2 V HaOH released 0-85 pg., and a further hydrolysis of 
the same sample in acid yielded 0-8 pg., giving a total of l-66pg. The difference 
of 0-6pg. (2-25-1-66) was presumably due to the destruction of histamine by 
the alkali. A similar alkali hydrolysis of 2-25 pg. of released histamine reduced 
it to 0-7 pg. 


Nornhydiolysed eluates of urine can be kept for a long tiipe; one sample 
remained in the laboratory for over 3 years without much deterioration. The 
dried residue of the eluate has a waxy appearance and obviously contains a 
large amount of impurities. In view of the limited facilities at our disposal 
we have not attempted to purify the extract. At present any speculation as 
regards the composition of conjugated histamine must be left over until this 
derivative is obtained in a pure form. 


Evidence that the active substance is histamine. The typical contractions of 
the denm and of the rectal caecum evoked by the hydrolysed extracts are 
abolished by selective paralysis with large doses of histamine or traces of 
pipendmomethylhenzodioxan-F933 (Kg. 2). The extracts vigorously con- 
tract the gumea-pig s bronchi and lower the blood pressure of the atropinized 
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ABLE 1. oT^g the activity of the charcoal elnate before and after hjdroljsis in HQ, ft 
ftre taken at random from experiments made under different condifroiu 
^ e assays are made on the guinea-pig’s ileum and the histamine equivalents are ght: 
^ /^g./o.c. histamine acid phosphate. Before testing, the extracts ,were treated with AIjOj. 


Human urine 


Before hydrolysis 

After hydrolysis 

Trace 

0-60 

Trace 

0-66 

Trace 

2-20 

0-0<3 

0-09 

<0-08 

0-30 

<0-08 

6-20 

Trace 

1-90 


Bog’s urine 

_ — . A — _ 

f 

Before hydrolysis After hydroljro 
Trace 7-20 

Trace 0-25 

Trace 016 

0-03 ' ■ . 4-10 

Trace ' 10-60 

<0-05 64-00 

O-OS 70-00 



£1 E2 H E2 B El 

0-2 . 0-012 0-06 0-01 0-05 0-2 

Fig. 1. Guinea-pig’s ileum; dog’s urine. Effect of acid hydrolysis of urine eitracts prepsre'^^l 
the charcoal method. E 1, non-hydrolysed and E 2, hydrolysed extracts; doses ia C'^- ” 
urine. B, standard solution of histamine acid phosphate; doses in pg. All the extrsd* 
Tvere adsorbed on AljO^. The histamine equivalent of the urine -R-as estimated as 6-5gE'/^-^- 

The increase in the histamine-like activity of urine extracts after hydrolpi* 
can be due either to the destruction of some, antagonizing substances inter 
fering tvith the contraction of the ileum or to a release of the active principle 
from a conjugated and inactive form. The first possibility is excluded by the 
fact that histamine when added, even in traces, to the non-hydrolysed extracts 
can be quantitatively estimated on any of the usual test objects. No inter 
fering substances can therefore be present. As a result of these observations 
we conclude that the histamine-like substance of urine is.normally excreted 
in a conjugated inactive form. Table 1 shows that the concentration of this 
substance in the urine may vary to a remarkable extent. The study of its 
excretion in dififerent species of animals and under different experiraentai 
conditions is of obvious importance. 
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TjlBu: 2. Action of histaminase prepared by the method of Anrcp, Barsonm & Talaat [1036]. 
(A] on histamine acid phosphate added to human urine (sp. gr. 1-025); (B), on histammo 
acid phosphate added to Tyrode solation; (C), on the non-hydrolysed urine extract (conju- 
gated histamine); (D), on the hydrolysed extract of the Bame urine (released hiatamme). 
The samples u-ere incubated at 37° C. for 30 min. The same amount of enzyme solution 
-was added to each sample. The amount of histamine added to the total volume of each 
sample A and B and the histamine equivalent of each sampla C and D before incubation 
■was 30 pg. The histamine equivalent of samples C vrat determined after acid hydrolysis. 
The dilution of the samples is shovm in the first column. The amount of histamine in the 
' total volume of each sample after incubation is given in the table in pg. of histamine acid 


phosphate. 

A 

B 

c 

,D 

Dilution of 

Histamine 

Histamine in 

Conjugated 

Released 

sample 

in urine 

Tyrode solution 

histamine 

histamine 

0 

30-o6 

30-00 

30-00 

30-00 

4 

18-00 

0-50 

30-00 

16-00 

S 

6-00 

0-70 

30-00 

4-60 

16 

0-75 ' ■ 

0-30 

30-00 

0-60 

32 

0-50 

0-50 

30-00 

0-60 


It is evident from. Table 2 that histaminase does not aet on conjugated 
histamine whatever the dilution (C), while the product of it^ hydrolysis is 
destroyed at the same rate (D) as histamine which has been added to urine (A). 
All these tests support the conclusion that the active principle of hydrolysed 
urine extracts is histamine. 


QUAimTATIVE DETEBJIlNATIOn OF TOTAL COKJTTGATED 
AND FREE HISTAiUNE 

Total histamine. Adsorption on charcoal is not essential for quantitative 
estimation of the total histamine in urine. Satisfactory results can be obtained 
by directly hydrolysing 0-1-5-0 c.c. urine in HCl and then extracting the 
active principle hy the modified technique of Barsonm & Gaddum. Eor this 
purpose the urine is treated in the same way as described for the charcoal 
eluate. Before the assay the final extracts must he adsorbed on AhOj . The 
importance of this step is made clear hy Table 3 and Kgs. 4 and 5, which 


Table 3. Showing the effect of adsorption of extracts of human urine with flluminium oxide 
The assay of each extract was made on the guinea-pig’s Senm and on the rectal caecum of 
the fowb The histamine equivalents are given in |sg./c.c. 


Gumea-pig’s ileum 


f ^ 

Before After 

^ adsorption adsorption 

1 2-2 2-2 

2 0-6 0-9 

3 0-7 0-8 

4 0-9 1-3 

6 0-2 0-5 

6 <0-03 0-12 

7 0-25 0-3 

8 Relaxation 007 


r 


Bowl’s rectal caecum 


Before 

adsorption 

Relaxation 

Relaxation 

Relaxation 

Relaxation 

Relaxation 

Relaxation 

Relaxation 

Relaxation 


After 

adsorption 

2 - 0 ' 

0-8 

0-8 

1-1 

0-6 

. No relaxation 
0-25 

No relaxation 
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E\ E3 E4, U 

0 1 * 01 01 0-06 


E2 E3 H Ei 

0-1 0-1 0 05 0-1 


Fig. 4. Guinea-pig’s ileum. Effect of adsorption of an extract of human urine Trith AljO,. 
The urine extract was prepared by the method of direct, hydrolysis. E 1, non-hydrolysed 
extract of urine. E 2, non-hydrolysed extract of urine adsorbed on Al^Os . E 3, hydrolysed 
extract of urine. E 4, hydrolysed extract of urine adsorbed on Al,0j. E, histamine. 
Doses m c.o. urine and pg. histamine acid phosphate. 



El E3 B 

0 5 0-5 0-25 


E2 E4 

0 5 0-6 


Eig. 5. Action of the came extract of human urine as in Fig. 4 on the rectal caecum of the fowl. 
The histamine equivalent of the urme as determined on the ileum (Fig. 4) and on the caecum 
is 0-5pg./c.c. 
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stoTT tiie Tesponse of the iletlni and oftlie rectal caecom to the administration 
of the eT±ract 5 at different stages of their preparation-. 

The effect of adsorption on AI.O 3 differs from one sample to another. When 
the histamine eqniTalent is high as in sample 1 adsorption is not necessary 
for tests made on the guinea-pig's ileum. The assays made on the ttvo test 
objects show good agreement. 

The method of direct hydrolysis sand of charcoal adsorption can both be 
used for quantitative estimation of total histamine in urine. The final extracts 
prepared bv the second method are less contaminated with impurities. On 
the other hand, a certain loss may occur during the release of the conjugated 
histamine br acidulated alcohol. The recovery, therefore, depends on the 
thoroughness with which the charcoal has been extracted. 

Trine extracts prepared, by the method of direct hydrolysis contain the 
unknown stimulating material which was described as present in the charcoal 
filtrate. This does not materially interfere with the assay, since the sensitivity 
of the ileum to this material rapidly declines. The charcoal method is to be 
preferred when the histamine equivalent of the urine is low. A larger amount 
of urine is then used so as to make the final extract more concentrated. The 
accuracy of the two methods was tested by estimations of urine histamine 

and of histamine added to water. Tvrode solution or urine. Some of the 

• « 

results axe given in Table -i. 


Xasle 4. (A', deteiroicitioa of tte hir.acinE MpuTalezt of ttrm? and rfcovenr of added 
Hrtanine tv lie method of direot hydrohrsis and (B). br ihe method of charcoal adsorption. 
AH the resnhi are given in fiC. c.c. of Mstacine add nhoephatei. 

A- B 


Hedimn 

VTater 

Tvrode 

HTunanmine 1 


Hnmsn mine — 


Boc'e mine 3 

Hmnan urine 4 
Emnan mine 5 
Dog's TTrd°- d 
Dog's nrin-e T 



A 

B 

Percentage 



Recovery 

Recovery 

recovery 

r^cor^rr. 

HT.danfne 

by direct 

by charcoal 

by direct 

by chajtia] 

added 

hydrolysis 

adsorption 

hydrolysis 

adsorptioa 

(O-'d'l 

0-19 

0-lS 

95 

90 

iO-50 

(e50 

U45 

loO 

90 

(0-50 

0-46 

0-46 

9-2 

92 

In-c-o 

1-SO 

1-Trt 

90 

S3 

( — 

0-d5 

feiO 



SO 

iO-50 

0-S>j 

O-TO 

110 

100 

( — 

1-55 

1-40 



90 

iO-oO 

2-10 

1-SO 

110 

SO 

( — 

6-20 

5- S'! 



94 

i5<«0 

11-00 

10-40 

95 

92 

— 

0-30 

Cedo 


S3 

— 

1-50 

1-40 



' 93 

— 

S-C>0 

S<'0 



loo 

— 

4-30 

3-90 


9*3 


Table 4 shows that the recovery of histamine added to water, Tvrode solution 
ox unne and the determination of the total histamine present in ^uine extracts 
IS satisiactory with either of the two methods. The method of direct hvdrolvris 
^ somewhat higher results, wHch are probably due to a smaU loss of'the 
active substance on the adsorbent. 
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Conjugated and free histamine. ^Vien free Mstamine is present in the urine 
it call i)e quantitatively determined in extracts prepared by the charcoal 
method before they are hydrolysed. The total histamine is then determined 
by a second assay after hydrolysis of the extract. The difference between the 
two results represents the conjugated hiAamine of the sample. As a check 
the total histamine can be determined once more by the method of direct 
hydrolysis. It will be seen later that free histamine is normally present in 
the urine of some species or may appear in the mine under some experimental 
conditions. 

The histamine equivalent op the ithine of DirrEBENT 

SPECIES OF ANIMALS 

We should like to express^ our thanks to Dr Kadry, Director of the Cairo 
Zoological Garden, for the facilities which he placed at our disposal for the 
collection of urine samples from various animals. When possible, 24 hr. 
samples were collected, but most urines were taken as single samples either 
by catheter or during micturition. A few urines were collected from anaesthe- 
tized animals directly from the bladder. The samples were collected without 
regard to the previous history of the animal in respect to the time of feeding, 
etc. ^The results are grouped according to whether the animals are (o) typical 
Herbivora, (b) animals on varied diet, or (c) typical Carnivora. The number 
of animals used for each species is given in brackets. No number is given 
for man, dog and rat, since these served for our routine experiments. 

In the group of Herbivora the mine of the following species was analysed; 
rabbit (12), horse (6), donkey (4), water buffalo (6), elephant (3), camel (5), 
llama (2), anthropoid apes (2). The extreme variations of the urine histamine 
of these species are between 0-02 and 0-2^g./c.c. histamine acid phosphate; 
in one horse we foimd 0'4pg./c.c. There is no appreciable difference between 
the urines of the different species belonging to this group. The histamine 
equivalent is uniformly low. Amongst the animals on varied diet the varia- 
tions in the urine histamine is very considerable, the extreme values for the 
white rat are OA— 10'2, the cat (8) 0'3-16;0, the dog 0‘2— 45'0 and for man 
0- 1-6-2 /ng./c.c. In the group of typical Carnivora the variations are again 
less but the histamine equivalent of all the urines is uniformly high, for the 
lion (6) 10-15, tiger and leopard (6) 25-40 and the cheetah (1) 15/rg./c.c. 
Urines with a histamine equivalent below 0-2yxg./c.c. were analysed by the 
charcoal method, those of a higher equivalent by the method of direct 
hydrolysis. 

The obvious conclusion from these observations is that the excretion of 
histamine in the urine depends on the character of the diet. No relation 
seems to exist between the histamine equivalents of the blood and urine. In 
the rabbit in which the blood histamine is high there is very little histamine 
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in tlie mine-, in tiie cat in wHcii the blood bistamine is extremely low the 
Hstamine of the -orine may be as high as 15;ig./c.c. 

Carnivora and Herbivoxa differ not only in respect of the concentration of 
histamine excreted in the urine but also the form in which it is excreted. In 
Carnivora almost the entire histamine (98-100%) is excreted in the conju- 
gated form, while in Herbivora most if not'the whole of it is free. In new of 
the very low histamine content and the frequent presence of relaxing sub- 
stances which are not completely removed by ALOg we did not analyse the 
urine of Herbivora any further. 

The urine of the rat occupies an intermediate position; free and conjugated 
histamine are present together but in different proportions. Frequently 
40-50% of the histamine is excreted in a free form. In many samples the 
entire histamine is &ee. Small amounts of free histamine are also found in 
most samples of human urine. 

Eitect of diet ox the excbetiox of histajuxe 


The difference in the histamine content of the urine of Herbivora and Carnivora 
led ter the investigation of the effect of administration of meat. The observa- 
tions were made on rats, dogs and man. 

Experiments on rats. Eats weighing 250-800 g. were kept in Hopkins’s 
metabolic cages with the usual precautions and care. 

The observations were divided mto three periods. During the first the 
animals were placed on a carbohydrate-fat diet consisting of boiled starch, 
sugar, olive oil and occasionally some boiled or fried starchy potatoes. , During 
the second period the diet consisted exclusively of slightly roasted or boiled 
buffalo meat, and during the third period the rats were fed again on a mixture 
of carbohydrates and fat. The meat was given outside the cages so as'not to 
contaminate the urine. The diets were supplemented by the usual salt mixture, 
cod-liver oil and clover. The urine was collected in 24 hr. samples, some 
toluol or thymol being added to prevent putrefaction. Since rats’ urine con- 
tains conjugated, as well as free histamine, we usually analysed the urine 
extracts for both, i.e. before and after acid hydrolysis. Urea was analysed 
by the hypobromite method. 


An example of this type of experiment is given in Fig. 6. Daring the first 
period of carbohydrate diet the histamine excretion fell to below lOpg./day, 
and almost the whole of it was eliminated in a free form. During the next 
period the total histamine gradually increased to 90 pg., the increase beincr 
mainly accounted for by the conjugated histamine. The excretion of free 
Mstamme also mcreased but to a much smaller extent. On^etnm to the 
carbohydrate diet the excretion-of free histamine abruptly diminished to the 
previous low figures, while the conjugated histamine declined more graduaUv 
and almost completely disappeared in the course of 3 days. • ^ 
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Experiments on other rats gave similar results differing onip in degree. 
The maximal elimination of total hist- • 
amine 'svas in . some rats as high^ as 
230pg., almost the whole of it con- 
jugated. Jn other animals it did not exceed 
50pg./day. On carbohydrate diet not less 
and usually more than 50 % of the total 
histamine was eliminated in a free form. 

When rats are kept on a meat diet for a 
long time their histamine excretion shows 
fairly wide fluctuations which can be 
usually traced to the different amounts of 
meat consumed. As a very rough approxi- 
mation the elimination of 1 g. of urea 
corresponds in the rat to the excretion of 
100 ng. of total histamine. This relationship 
is not apparent in 24 hr. samples, but it' 
becomes more obvious with longer periods 
of observation: for example, a pair of rats 
on a mixed diet excreted in 18 days 11'6 g. 
urea and 1070 /xg. total histamine. Another 
pair which received a larger proportion of 
meat excreted during the same time 23-2 g. 
urea and 2234 /xg. histamine. 

The time relations of the excretion of 
histamine and urea are not the same. The 
changes in the excretion of histamine lag 
behind those of urea. In some animals this is so considerable that it can be 
noticed ih 24 hr. samples of urine (Table 5). 



Fig. 6. Effect of administration of meat on 
the daily excretion of conjugated hista- 
mine, free histamine and urea by the rat. 
From belo\r npirards — free histamine, 
total histamine in pg, histamine acid 
phosphate and urea in g-l^i hr. The 
excretion of conjugated histamine is 
represented by the difference betveen 
the total and the free histamine. Meat 
was given for 6 days between M and C. 
Abscissae, days. 


Days 

1 

2 

3 

4 

6 

6 


Table 6. Showing the effect of a aingle administration of meat on the 
daily escretioa of urea and of total histamine 


. 

Vol. 

urine 

Urea 

Diet 

c.o. 

6-% 

Potatoes 

18 

0-6 

Potatoes 

16 

0-6 

Potatoes 

20 

0-6 

Potatoes with 

20 

7-8 

29-6 g. meat 
Potatoes 

14 

30 

Potatoes 

18 

0-8 

Potatoes 

10 

0-8 


Total 

E.xcretion 

Excretion of 

histamine 

of urea 

histamine 

pg./c.c. 

g- 

Pg- 

0-6 

on 

90 

0-7 

008 

11-2 

0-6 

010 

120 

2-6 

1-60 

600 

60 

0-42 

70 0 

2-5 

0-14 

45-0 

M 

O-OS 

n-0 

Total 

2-49 

203 '2 


The maximal excretion of urea occurred in the above e.xpenment on the 
day of administration of the meat, and that of histamine on the following 
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day. On tlie third, day the excretion of urea returned to the original level 
vrhiie that of histamine rvas still increased. Since a more exact determination 
of these time relations could not be easily made on the rat the e.xperiments 

•were continued on dogs. . 

Experiments on dogs. The observations were made on female dogs weiglung 
14-16 kg. As a preliminary an incision was made in the perineal region to 
facilitate catheterization. Urine samples were collected at intervals of O-u-4 hr. 
and analysed for total histamine and urea. Determinations, of free histamine 
■were made only occasionally, since it was shown that dogs in common with 
other Carnivora do not excrete &ee 'histamine even when fed on meat. 



Fig. 7, Effect of administration of 1 kg. of meat on the excretion of conjugated histamine and 
niea by the dog. Thick line, area, g.; thin line, conjugated histamine, mg. histamine acid' 
phosphate. Abscissae, hr. The meat was administered at Jf. 


In the experiment the results of which are given in Fig. 7, the animal was 
deprived of food for 36 hr. and then given a large meal of raw minced buffalo 
meat. The excretion of urea began to increase within 2 hr. after the meal; 
the maximum was reached on the 10th hour after which the amount of urea 
gradually dropped to the pre-feeding level in 34 hr. The excretion of histamine 
began to increase only 6 hr. after the meal and reached a maximdm about 
4 hr. later than urea. The decline of histamine excretion was at first more > 
rapid and then much slower than that of urea, so that the pre-feeding level 
was not quite reached even 72 hr. after the meal. Altogether about 20 ma. 

of histamine were excreted, the entire- histamine being present in the-coniu- ' 
gated form, •' 

Table 6 is computed from another similar experiment to show the changes 
m the concentration as weU as in the total excretion of histamine and urea 
following admimstration of meat. 
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Table 6. Dog, 16 kg. Effect of admimstration of 1 kg. of minced meat on the exoretion of 
histamine and urea and on their concentration in'the nrine. During the first 30 hr. after 
feeding the urine samples u-ere' collected at intervals of 4 hr. and then at 8 and 12 hr. 
Histamine in pg. of histamine acid phosphate. 


Honrs before 
and after 

Vol. 

urine 

Urea 

Histamine 

Total urea 
excreted 

Total histamine 
excreted . 

feeding 

o.c. 

e-% 

pg./c.o. 

- g- 

ftg- 

8- 4 

32 

4-8 

. 0-40 

1-5 

13 

4- 0 

26 

6-0 

0-36 

1-6 

9 

0- 4 


Administration of 1 kg. meat 
10-7 0-26 

6-7 

14 

4- 8 

89 

126 

1-40 

11-2 

126 

8-12 

127 

12-6 ' 

20-00 

16-0 

3302 

12-16 

115 

11-8 

63-00 

13-6 

6096 

16-20 ' 

87 

121 

37-,00 

10-6 

3219 

20-24 

57 

11-3 

40-00 

6-4 

2280 

24-28 

33 

100 

43-00 

3-3 

1419 

28-32 

27 

90 

60-00' 

2-4 

1350 

32-36 

24 

8-1 

43-00 

1-9 

1032 

36-44 

66 

4-8 

32-00 

3-2 

2112 

44-66 

124 

3-9 

10-00 

4-8 

1240 

60^8 

69 

0-1 

3-60 

4-2 

242 


A total amount of about 22 tug. bistamine, all in the conjugated form, was 
excreted in this experiment. Experiments on other dogs gave similar results. 
The excretion varied with the amount of meat consumed. For example, on 
administration of 500 g. it was 10-2 mg. or about half the amount excreted 
after consumption of 1 kg. meat. The highest concentration of conjugated 
histamine found in dog’s urine on meat diet was 87 pg./c.c. and the maximal 
amouht excreted 2-1 mg./hr. 

Experiments on man. These will not be described in detail since they present 
■no points of interest beyond those established for the dog. One subject 
(G.Y.A.) excreted on a mixed diet 23-25 g. urea and 1'2— l-4mg. histamine 
per day. On the fourth day of a strictly carbohydra'te-fat diet the subject 
excreted 7-5 g. urea and 190/ig. histamine. The excretion of urea declined 
more rapidly than that of histamine. Beginning from the fifth day the subject 
was given large amounts of roasted meat. The excretion of urea increased 
rapidly reaching a ma-Amnm of 38 g. on the first day of the meat diet. The 
excretion of histamine increased more gradually taking about 2 days to reach 
2-4 mg. in 24 hr. Almost the whole histamine was excreted as conjugated 
histamine. Traces of free histamine were found in all the samples of human 
urine, but they were too small for accurate estimation. The relation between 
histamine and urea excretion in the dog is higher and in man lower than m 
the rat. Apparently the facility with -which conjugated histamine is formed 
or excreted differs, being highest in the dog, smaller in the rat and least 
in man. 

Effect of diuresis. Histamine excretion bears no relation to urine flow. This 
becomes evident after administration of large amounts of water or of urea. 
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Id, oDe experiment a dog on a mixed diet secreted during 4 consecutive hours 
15-28 c.c. urine and 19<>-2o0;ig. histamine.fhr. After admimstration of 20 g. 
urea in 100 c.c. milk the urine dorr -was 81 c.c. during the first and 118 c.c. 
during the second hour and the elimination of histamine 243 and 206/ig. 
respectively. Similar results are obtained vrith animals vrhich are kept on a 
meat-6ee ^et. For example, in another dog. the urine fiov increased from 
12 to 95 c.c./hr., vhile the histamine excretion remained almost the same, 
2-2 and S-S^g./hr. respectively. Experiments on rats and man gave the same 
results. 

The okigix or cokjegates histamixe 
Effea of administration of histamine-free food. The experiments vrith different 
diets established the fact that administration of ran- or slightly cooked meat 
greatlv increases the excretion of conjugated histamine in Carnivora and in 



He. 8. A. Efosct of admimstrauori of egs.-white on the escrctioa of hisUnune and urea br the 
lat At E the carbohydrate-fkt diet tras changed to egg.'^e. B. Efiect of administratioa 
of casein and of meat to the same rat as in A- At the first C the carbohcdrate-fat diet ttas 
changed to casein, at AT to meat and at the second C again to casein. Erom below urrtmrds- 

fee histamine, total histamine in /ig. histamine acid phosphate and urea in g. Abscissae’ 
dars. 0-1 


man and also, but to a much smaller extent, the excretion of free histamine in the 
mt. The experiments do not throtc any Ught on t^hether conjugated histamine 
de^es from Ae protein component of meat or from its extractive substances 
ilm question assumes special importance, since afi samples of bufialo meat 
winch we analysed contamed hfrtamine, varying from 6 to 20 pa /g The efiect 
«t of .as, .Wo„. oo„pas.d .ifl tiridSSiS 
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of liisfcaraine-free proteins and with the administration of histamine a 
phosphate. 

The estimation of histamine in the food was made after extraction 
trichloracetic acid following the method of Barsoum & Gaddum [1935], ^ 
food extracts were assayed for free and conjugated histamine by testing 
extracts before and after hydrolysis in HCl, The histamine equivalent of. 
hydrolysed and non-hydrolysed extracts of meat, was found to be always 
same, which suggests that the entire histamine of meat is probably pres 
in a free form. On the other hand, casein, fresh white cheese and egg albun 
were found to contain neither free nor conjugated histamine. 

Fig. 8 A and B shows the effects of feeding rats on egg albumen and 
casein. In Fig. 8 B the rats were fed for 7 days on casein; during the follow 
7 days they were given meat and then again casein. While on the prot 
diet the urea excretion remained on a high level independently of whether ' 
food was meat or casein. The histamine excretion increased only during i 
meat period, and the increase was mainly due to the conjugated histami 
Similar results were obtained on dogs. Administration of a large meal c( 
sisting of casein, egg white, fresh cheese and milk had no appreciable effi 
on the elimination of histamine. The effect of more prolonged feeding w 
histamine free food was not investigated. 

Subcutaneous administration of histamine. The dogs on which the effects 
administration of histamine were studied were kept on a bread and milk d 
during and for some days before the experiment. A few minutes after 
injection of 6-50 mg, histamine acid phosphate the dog becopies restle: 
begins to pant, defae'cates and sometimes vomits. The secretion of urine 
diminished or stopped, depending on the dose, for 0’5-2 hr. The period 
anuria is followed by diuresis which continues for 2-3 hr. The excretion 
conjugated histamine is not changed. On the other hand, free histamin 
which is normally not found in the urine of dogs and other Carnivora, appea 
in measurable amounts. Table 7 is an example of the effect of subcutaneoi 
injection of 10 mg. histamine. 


Txblb 7. Dog, 14 kg.; 10 mg. histamine acid phosphate in fi c.c. saline 



were iiijected at the beginning of the third hour. 


Drinary 

Conjugated 

Free 

Time 

secretion 

• bistamine 

histamine 

hr. 

c.o./hr. 

ftg-lhT. 

pg./hr. 

1 

23 

26-5 

— 

2 

18 

21-0 

— 

3 

0 

— 

— 

4 

16 

32-0 

101-2 

6 

64 

30-0 

37*8 

0 

105 

251 

20-5 

7 

99 

18-9 

0-9 

8 

34 

20-2 

— ■ 

9 

25 

19-8 


10 

19 

27-S 



Total 

histamine 

pg./hr. 

20- 5 

21 - 0 


139-2 
G7-8 
45-0 
2S-S 
20 2 
10-8 
27-8 
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In tMs experiment injection of 10 mg. liistamine led to an excretion of 
ITSfm. free histamine. We find no relation between the amount of histamine 
injected and excreted in the urine. With doses varying from 10 to 50 mg. 
histamine the amount excreted did not exceed 200^g. In fact, with the 
larger doses it was usually less. The excretion of free histamine seems to be 
related to the duration of the period of anuria which follows the injection, 
more histamine being excreted in those experiments in which the suppression 
of urine flow is short. In some experiments with long periods of anuria hardly 
any free histamine appeared in the urine. For example, injection of 50 mg. 
histamine suppressed the urine flow in one dog for 60 min. and in another 
for 150 min. In the first the amount of free histamine excreted was 126 pg., 
while in the second only traces appeared in the mine. It is ^ .n cable that 
most of the injected histamine is destroyed in the animal during the prolonged 
suppression of the nrine. When the period of anuria is short, some free histamine 
escapes through the kidney, hut even under the most- favourable couditions 
the amount so excreted is extremely small. 

Oral adminislralion of hislamine. Histamine acid phosphate was given to 
dogs in amounts of 0-005-0'5 g. dissolved in 100 c.c. milk. Only traces of 
free histamine appeared in the urine. On the other hand, the excretion of 
the conjugated histamine was greatly increased. The excretion begins to 
increase about 1 hi. after the administration; it gradually reaches a maximum 
in 7-14 hr. and then slowly declines to its original level, which it reaches, 
depending on the dose, in l‘2-60 hr. The total amount of conjugated histamine 
excreted is between 3 and 5% of the free histamine administered to the 
animal. Fig. 9 shows the rate of the excretion after oral administration of 
different doses of histamine acid phosphate. 


Administration of conjugated histamine. Subcutaneously injected conjusated 
histamine is almost quantitatively excreted by the kidneys in an nnchansed 
form. In most experiments we could recover from the urine 85-100*}^ of the 
amount injected. It will be shown in a later communication that in these 
experiments no conjugated histamine can be detected in the blood. This 


indicates that the excretion of conjugated histamine proceeds at the same 
rate as its absorptiou and that the kidney threshold to it is very low. Injection 
of conjugated histamine neither dimimshes nor suppresses the uriuarv secre- 
tion probably because, unlike free histamine, it has no vasomotor* action. 
The excess excretion of conjugated histamine begins almost immediately 
after the injection, reaching a maximum in 2-3 hr. and bein^ completed 
m about 20 hr (Fig. 9). The maximal concentration of conjngat^ histamine 
2 and the maximal amount excreted 


Oral administration of conjugated histamine leads to a much oxeater anc 
re rapid excretion of it m the nrine than admimstration of histamine acic 
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phosphate. Between 60 and 60 % of the amount administered is excreted in 
an unchanged form. 



Fig. 9. Excretion of conjugated histamine by the dog after oral administration of histamine 
acid phosphate. Abscissae, hr.; ordinates, conjugated histamine in mg. histamine acid 
phosphate. The amounts of histamine administered ’are given on the figure. The totaJ 
amounts excreted in the urine were 3-4, 6-4, 16-2 and 24-6 mg. from below upwards. 


Comparison between the administration of conjugated and free histamine. In 
order to make a quantitative comparison between the administration of con- 
'jugated and free histamine and of meat, experiments were made in which 
these substances were administered to the same dog in amounts of approxi- 
mately equal histamine content'. In the series of experiments given in Table 8 


Table 8. Showing the effect of a dminis tration of free and conjugated histamine 
and of meat on the histamine excretion 


Substance and mode of 
administration 

Conjugated histamine by subcutaneous in- 
jection. 4-5 mg. 

Histamine acid phosphate by subcutaneous 
injection, 4-5 mg. 

Conjugated histamine orally, 4-5 mg. 
Histamine acid phosphate orally, 4-6 mg. 

400 g. of ox meat containing 4-5 mg. histamine 


Excess 

Duration 


histamine 

of ex- 


in urine 

cretion 


t^S- 

hr. -■ 

Remarks 

4365 

0 

All conjugated 

100 

0 

All free 

2345 

10 

All conjugated 

244 

14 

All conjugated 

3794 

45 

All conjugated 




EXCRETION OF HISTAMINE IN URINE 


all substances -were administeied in. amounts containing 4-5 mg. of histamine 
acid phosphate or its equivalent. 

Table 8 shows the main points of interest concerning the excretion of 
conjugated and free histamine on their subcutaneous or oral administration. 
In addition, it shows that the amount of conjugated histamine excreted after 


administration of meat cannot be accounted 
for by the 4-5 mg. of histamine of the meat. 
Had the histamine of meat been the only 
source of histamine in the urine we would 
expect an excess excretion of not mote than 
5% of the amount administered or about 
240 pg. instead of 3794p.g. The investigation 
of this point is being continued. 

Discnssiox 

The experiments described in this communica- 
tion show that histamine is a normal con- 
stituent of urine of all the animals which have 
been so far investigated. In Herbivora it is 
excreted in a free form and in small amounts. 
In Carnivora it is excreted in a conjugated and 
inactive form from wbich free histamine can be 
released by hydrolysis. 

The amount of conjugated histamine ex- 
creted in 24 hr. by the dog varies, depending 
on the diet, from less than 0-1 mg. to over 30 mg. 
of histamine acid phosphate, while the con- 



Fig. 10. Escretion of conjngated 
histamine by the dog after Bub- 
cutaneons administration of an 
amonnt of conjngated histamine 
equivalent to 10 mg. histamine 
acid phosphate. Ubscissae, hr.; 
ordinates, conjugated, histamine 
in mg. histamine acid phosphate. 
The total amonnt excreted was 
9 05 mg. 


centration of histamine acid phosphate may reach 100 pg./c.c. Subcutaneously 
injected histamine is excreted in the urine in negligible traces and in a free 
form; none is converted into the conjugated form. Orally administered 
histamine is excreted in the urine in a conjugated form. to an extent not 
exceeding 5% of the amount administered. These results indicate that most 
of the injected histamine is destroyed or fixed in the body, the elimination 
by the urine playing au unimportant role. On the other hand, a part of the 
histamine which is absorbed from the alimentary tract is conjugated and 
excreted in the urine in an inactive form. 


The possibiHty is not excluded that the conjugation of histamine takes 
place m the kidney although the experiments with injections of histamine 
pomt to the mt^e or the liver as the more likely organs responsible for 
of conjugated histamine No conjugated histamine could be 
detected m the blood durmg histamme absorption, which places this snhcH- 

This 
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cutaneously injected conjugated histamine is quantitatively excreted in the 
urine in a few hours (Fig. 10). On oral administration about 60 % of conjugated 
histamine is excreted in the urine. 

Administration of meat greatly increases the excretion of conjugated hista- 
mine. The source of it is most Jikely the histamine present in the meat itself. 
Admimstration of histamine-free proteins do not lead to excretion of conju- 
gated histamine. The question whether some other extractive substances of 
meat besides histamine participate in the formation of conjugated histamine 
' has not yet been answered. Experiments now in progress may explain why 
on oral administration of histamine not more than 6 % is excreted in the 
urine in the conjugated form, while a much larger proportion of the histamine 
content of meat can be recovered as conjugated histamine from the urine. 

Inactivation of histamine by conjugation must be considered as the third 
method of detoxication of histamine. Together with the action of histaminase 
and the inactivation of histamine by the corpuscular elements of the blood, 
conjugation presents an effective method of dealing with this substance. 

Summary 

1. A method is described for quantitative estimation of histamine in urine. 

2. Hista min e can be eli min ated in a conjugated and a free form. Carnivora 
excrete mainly the conjugated and Herbivora the free form. In the rat both 
forms are present in varying proportions. 

3. Administration of meat leads to a considerable increase in the excretion 
of conjugated histamine. 

4. Orally administered histamine is eliminated in a conjugated form to the 
extent of about 5% of the amoimt administered. Injected histamine is 
eliminated in traces in a free form. 
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CATION ANTAGONISM IN BLOOD COAGULATION. 


By G. D. GREVILLB axd H. LEHMAJTN, From Rumcell Hospital, 
near Wickford, Essex 

(Received 13 December 1943) 


The antagonistic effect of ions on vital processes in cells is in many cases 
connected vrith the selective permeability of the cell membrane. However, ion 
antagonism may also conceivably occur in chemical processes taking place inside 
the cell or on its surface. An example of this may be found in the effect of Ca++ 
anS Mg++ on the catalysis hy myos'm of the breakdovm of adenosinetriphosphate 
to adenosinediphosphatc and inorganic phosphate. Ca++ was found by 
Needham [1942] and Bailey [1942] to be an activator of this system. Mg++ 
was stated by these authors to have no effect, although Liubimova & Pevzner 
[1941] had reported some inhibition. This apparent contradiction was esplained 
by the finding that Mg++ suppresses the Ca+'^ activation [Greville & Lehmann, 
1943]. The inhibition of adenosine triphosphatase by hlg^'+ was observed by 
L]ubimova & Pevzner [1941] because they used calcium adenosinetriphosphate 
as substrate, whereas in the experiments of Needham [1942] and Bailey [1942] 
Ca'’'+ was absent since the sodium salt was used. 

Mg++/Ga++ antagonism in an enzyme system is not unique for myosin, but 
has also been demonstrated in adenosinetriphosphate breakdown by extracts 
of the electric organ of Torpedo [Greville & Lehmann, 1943]. Indeed, in this 
instance the role of the ions is reversed, being the activator [Bailey, 

1939] and Ca++ its antagonist. 

In the present communication, the coagulation of blood is brought forward 
as another process in which a Mg’'+/Ca++ antagonism may be demonstrated. 


Blood clotting is activated by Ca++ [Green, 1887', Ringer & Sainsbnry, 1890]; 
and it is well known that Mg salts, like other neutral salts, prevent coagulation! 
The latter effect has not hitherto been considered in relation to the part played 
by Ca++ but has been regarded as due to a physico-chemical stabilization of 
fibnnogen [Quick, 1942], or alternatively to a preservation of the platelets 
from disintegration [Best & Taylor, 1943]. We have found, however, that the 
^bition of clotting by MgCI^, in some concentrations at least, is coukteracted 
by the ad^tion of CaCl^. In addition, we have demonstrated an antagonism 
between Ca++ on the one hand and Ba++ Mn++ Na+ and K+ on the other. 



Methods 

noval of blood. Blood was taken from the antecubital- veins of about 
/y-five human subjects. Care was taken not to use the same vein twice, 
ubjects, who were all in good'physical condition, were of both sexes and 
is ranging from 20 to 70 years. 20 ml. sjuinges were used, with 17-gauge 
L needles. 

oeriments with whole blood. A dry syringe was used and the blood imme- 
y measured out into the tubes in which the clotting-time determinations 
made, and which already contained the various salt solutions. 
wriments with plasma. Like blood, plasma was obtained without the use 
anticoagulant. We adhered rigorously to the following technique: 
nge coated with liquid parafidn was used, and the blood immediately 
breed to parafiined centrifuge tubes immersed in. ice. The tubes, still 
mded by ice, were left in the refrigerator for 10 min. They were then 
fuged for 10 min. at 2600 r.p.m. The plasma was removed with a 
ined teat pipette into another paraffined vessel. It was then immediately 
ured out with a 1 ml. bulb pipette into the tubes containing the salt 
ons. As will be seen in the text^ in some experiments plasma was diluted 
an equal volume of distilled water before being pipetted. 
ermination of (dotting time. The tubes in which the clotting times were 
mined were 76 mm. long with a diameter of 13 mm. They were of soda 
except in the experiment of Table 1 in which Pyrex tubes were used, 
ubes were tilted at appropriate intervals to detect clotting. The time at 
. the surface became immobile was taken as ‘clotting time’. Sometimes, 
clotting was greatly protracted, the shrinkage of the fibrin meshwork 
uted the clot from ever completely filling the fluid. When this occurred, 
me at which the clot occupied the maximum volume (80-90% of the 
was taken as clotting time. 

I experiments were carried out at room temperature. The initial tem- 
ire lay always between 20 and 23° C. 

daR reagents and glass-distilled water were used throughout. 

Results 

■+ and tchole blood. When neutral salts such as NajSO^ or NaCl are used 
s prevention of clotting, it is customary to add a strong solution to give 
1 concentration of about 1 M. W^th MgSO^ the final concentration is 
y 0-2 M [Best & Taylor, 1943]. However, it will be seen from Table 1 
IgCl 2 at one-fifth of the latter concentration prevents clotting, and con- 
bly delays it at one-tenth. 

se findings may possibly be of practical value for the storage of blood. 

I found that if the effective concentration of about 0-05 M was obtained 
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TiBu: 1. The anticoagulant effect of MgCU on -(vhole blood 

The tubes contained 2 mb n-hole blood -srith Tarions voL of Jf JfgCl, Eolation ns shown below. 

25“ C. • ^ 

Tube no. ... 1 

ToL of JT MgCb added (mL) 0 

Final concentration of added (if) _ 0_ 

Clotting time ( co = >24 hr.) 5 nun. 



3 

4 

5 

.6 

0-03 

0-05 

O-OS 

0-10 

0-20 

0-015 

04)24 

0-03S 

0-048 

0-00 

25 min. 

7 hr. 

93 

CD 

00 


by adding 1 vol. of Mjl MgCU to 2 vol. of blood, no clotting and no appreciable 
haemolysis were observed after 1 treek s storage in the refrigerator. The cells 
remained morphologically nndamaged. If, in order to reduce the dilution of 
the blood, i vol. of a MgCU solution of tvrice the above strength tvas added to 
2 Tol. of blood, very slight haemolysis occurred. 

yigf- plasma. Since in vrhole blood the complicating factor of distri- 
bution of ions between cell water and plasma water arises, it is better to study 
■ ion antagonism in plasma. Table 2 shows the influence of various concentra- 
tions of ATg Ol, on the clotting of plasma. The minimum concentration effectively 
preventing clotting was of the same order as in Table 1. 


Tasle 2. The anticoagulant effect of ilgCl, on plasma 

Room temperature, initially 23’ C. In each tube, 1 ml. plasma -rO-l mb hIgCli solution (except 
in control with water). The concentrations of the added llgCli solutions are shown in column 2. 




Final molarity 

Caotting 

• , 

. X 

^ 


MgCh(If) 

of added Mg+v 

time 

After 1 daj* 

After 7 da3*3 

After 12 dars 

1 

(H.0) 

— 

13 min. 

— 

— 



2 

0-1 

0-009 

15 min. 

— 

— 



3 

0-2 

0-018 

27 min. 

— 

— 



4 

0-3 

0-027 

75 min. 

— 

— 



5 

0-4 

0-036 

CO 

Clear 

A /cir threads 

A /etc threads 

6 

0-5 

0-045 

CD 

Clear 

Clear 

A fev threads 

7 

0-6 

0-055 

ca 

Clear 

Clear 

Clear 


The effect of Mf'"*' in higher concentrations than those in the above table, np to a final molaritv 
of 0-73, WES also tested. The result was throughout the same as in no. ". 

Beversibtlity. It is well known that ‘salted blood’ or ‘salt plasma’ clots on 
mere dilntion. Dilution of course reduces the concentration of Ca+'^ as well 
as of iigt". We have found that the clotting of plasma, which has been kept 
fluid by dlgCl^, is induced on the addition of water with greater certainty if 
Ca(31j is added as well (Table 3). 

Aniagonism. Although in the above experiment Ca-^- clearly accelerated 
clotting in the presence of this does not allow us to postulate an 

antago^m between these ions. Owing to the dilution of the plasma an increase 
in Ca+v concentration would have accelerated clotting even if no Mg++ had 
been added. To demonstrate a tme antagonism more is needed A counter 
action of thehlg^^ inbibitionby theadditionofCa^- would have to be obtained 
m plasma m which the Ca-+ concentration is already optimal, i.e. is sufficient 
to produce the maximum rate of clotting in the absence of inhibitors. 
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Table 3. Clotting of JlgClj-treatod plasma following dilation and the addition of CaClj 

1*76 ml. plasma was diluted with 1*'^6 ml. water and 0*18 ml. M MgClj, and allowed to stand 
1 day at room temperature. At the end of this period there were no signs of clotting, and 1 ml. 
of the mixture was placed in each of three tube8,^with additions as below. 


Tube no. ... 

1 

2 

• 3 

Water (mL) 

1*0 



1*0 

CaClj, 0*033 If (ml.) 

— 

■ 0*1 

0*1 

Appearance 1 hr. later 

Slight clotting 

1 Fluid 

Clotted 

Appearance after further 21 hr. Slight clotting 

At this time further additions "were made, as below. 

Fluid 


Tube no. ... 

1 

2 


Water (ml.) 



1*0 


CaClj, 0*033 Jif (ml.) 

0*1 

— 


Appearance 2 hr. later 

Clotted 

Very slight clotting 


Appearance after farther 8 hr. 

‘ — \ 

Clotted 



This condition war f ulfil led in the experiments in Table 4. In plasma diluted 
with ^ vol. of water the Ca++ concentration was still optimal. Thus, further 
addition of Ca++ did not accelerate clotting in absence of inhibitor, but at the 
same time it counteracted the inhibitory effect of Mg++. 

The normal Ca concentration of plasma is about 2*6 x 10"’ 31. It will be seen that increasing 
the Ca content up to double by the addition of CaCl, did not alter the clotting time (Table 4 
A, B). Eaislng the concentration four times even resulted in a sh'ght lengthening of the clotting > 
time (Table 4 C). This retardation of clotting by high concentrations of Ca***"** is of course well 
known [Home, 1890]. 

Table 4. Mg*t+-Ca+'t antagonism in blood clotting 
Boom temperature. In egoh experiment four tubes were used, each containing 1 ml. plasma. 
Further additions were as follows: 


Control: 0*2 ml. water. , 

Ca: 0*1 ml. CaCl. solution + O*! ml. water. 

Jig: 0*1 ml. JIgClj solution + 0*1, ml. water. 

JIg + Ca: 0*1 ml. MgCl, solution + 0*l ml. CaCl, solution. 

The concentrations of the CaClj and SlgClj solutions added varied from experiment to experi- 
ment. The final concentrations of Ca and Mg are shown, allowance being made in the case of Ca 
for the amount already present in the plasma. A similar allowance is not necessary for Jig because 
relatively high concentrations were used. 

The experiments fall into three groups: 

A, lower Jig concentration with low Ca concentration. 

B, higher Jig concentration with medium Ca concentration. 

C, higher Mg concentration with' high Ca concentration. 

00 , no clotting in 24 hr. to', some fibrin formation in 24 hr. 


' Exp. 

Group no. 

A 1 

2 
3 

B 4 

5 
0 

C 7 

8 
9 


Jig 

concentration 
(Jf X 10-=) 
2*8 
2*8 
2*8 
3*3 
3*3 • 

3*3 

3*3 

3*3 

3*3 


Ca 


Clotting time (min.) 

A 


concentration 
(Af X lOi) 

3-7 ‘ 

Control 

Ca 

Hg ■ 51g + Ca 

10 

16 

03 

123 

3*7 

8 

8 

70 

43 

3*7 

11 

11 

80 

*10 

4-8 

16 

16 ■ 

co' 

130 

5*0 

13 

13 

03 

135 

4*7 

12 

12 

03 

335 

10*4 

16 

20 

03' 

101 

100 

13 

16 

03 

510 

10*3 

12 

13 

CC 

cc' 
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Table 4 tbns provides the necessary evidence that there is an antagonism 
between and Ca++ with respect to plasma clotting. It is now to be 

expected that the amount of Ca-^+ which has to be added to a given volume 
of plasrna in order to produce a maximum rate of clotting will increase with 
the amount of present. This was found to be the case (Table 5). Diluted 


Tabij: 5. The comiteractioji of Mg++ iBhibition by Ca++: the need of tv higher Ca concentration 

■with rising concentration 


In each tube, 1 mb of 1:1 dilution of plasma in -vrater J-0-1 ml. MgCl. solution -=-0-1 ml. CaCl. 
solution or rvater. The strength of the Jlgdj and CaCL solution varied from tube to tube. Final 
concentrations are shown, allowance having been made for the Co already present in the plasma. 
Room temperature, to means no clotting in 24 hr. 


Eiptriment 

A. 


t 


Experiment 

B 


Mg 

concentration 
(dr X 10-=) 

3- 3 

4- 2 

O'O 


Mg 

concentration 
( ir X 10-=) 

3- 3 

4- 2 
50 


Calcium concentration (df x 10-’) 


1 

1-2 

1-8 2-1 2-6 4-0 

5-4 

> 

7-2 


Cioliing time (min.) 

A 



03 

O? 

flO 

50 3S 37 35 

150, 03 140 55 53 

CD 00 $0^ CO 

Calcium concentration (JX x 

68 

90, to 

10-’) - 

> 

68 

'l-l 

1-7 2-0 2-5 3-9 

5-3 

9-4* 

- 

Clotting time (mm.) 


- 

CO 

CO 

CO 

60 47 39 36 

165, TO 144 59 47 

— — ro 259 


180.700 


The above clotting times represent tbe means of duplicates, except that where the duplicates 
disagreed both values are pven. 


plasma was prevented from clotting bj three different concentrations of added 
3-3x10-* 4-2x10-* and 5-0x10"* If. CaCL was added'in 

various amounts, the final Ca++ concentration ranging between ca. 1 x IQ-^ and 
10 X 10-3 M. It will be seen that increasing the Ca++ concentration by about 
one-half induced clotting in the samples containing the two lower’ concentra- 
tions of hut at the highest concentration raising the Ca+f- concen- 
tration to over double the original value was ineffective. Clotting was, however 

obtamed at about 3^ times the initial Ca++ concentration. Furthermore at the 

loweri Mg^-^ concentration a maximal clotting rate appears to haVe been 
reached with about 2 x 10-3 iU Ca^, at the medium Mg++ concentration with 

highest ]«g++ concentration with about 

he clotting of diluted plasma by various concentrations of MgCl^. In most 
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TABtiE 6. The range of MgCl, concentration irithin which counteraction ' 
by CaOl, can be demonatrated 

In each tube, 1 mJ. of 1:1 dilution of plasma in water + 0-1 mi MgClj soIution + O-l ml. CaCl, 
solution or water. ITinal concentration of added GaClj 3 x 10~* JT (total Ca concentration about 
4 X 10“* .31). Room temperature, oo indicates that clotting did not occur within 24 hr. 


Plasma 

Pinal concentration 
of added MgCl, 

Clotting time 

A 

Reduction of MgCIj 
inhibition by 

sample 

Without 

With 

no. 

(if X 10-») 

added CaClj 

added CaCIj 

added Cadj 

1 

8-3 

00 

CO 

0 

2 

6-7 

00 

CO 

0 

3 

6-9 

CD 

CO 

0 

4 

6-0 

CO 

00 

0 

6 

6-0 ' 

CD 

CD 

0 

6 

4-2 

CO 

40 min. 

+ • 

7 

4-2 

CO 

85 min. 

+ 

8 

4-2 

00 

44 min. 

+ 

1 

4-2 

00 

114 min. 

-f- 

3 

4-2 

00 

46 min. 

+ 

5 

4-2 

160 min. 

47 min. 

+ 

4 

3-3 

<30 

30 min. 

+ 

' 5 

3-3 

CO 

36 min. 


2 

3-3 

CO 

7 hr. 

+ 

3 

2-8, 

45 min. 

40 min. 

(+) 

6 

2-8 

46 min. 

26 min. 


7 

2-8 

43 min. 

29 min. 

+ 

8 

2-1 

14 min. 

11 min. 

(+) 


of the experiments CaClj was also added in concentrations higher and lower 
than the above, but in no case was a better coimteraction obtained. It will 
be seen that CaClj will coimteract the effect of MgCIg if the concentration of 
the latter lies below about 6 x 10~* M ; with more MgClg the inhibition is not 
affected. It might have been supposed that the effect of these higher concen- 
trations of Mg+'*' would be coimteracted if the Ca++ concentration were 
correspondingly increased. That this was not so may be due to the circum- 
stance, already mentioned, that Ca++, in concentrations above an optimum, 
ceases to activate clotting and becomes inhibitory. 

It may be remarked that the concentration of added Ca+''‘ which has been 
found to counteract the inhibition of clotting by Mg++, i.e. 3 x 10"® . 3 /, is of 
the same order of magnitude as the Ca"'"*' concentration of plasma. 

T^e effect of cations other than Mg++. Horae [1896], who first showed an 
inhibitory effect of high Ca++ concentrations on blood clotting, found a similar 
inhi bition by Ba++ and Sr++. The question arises whether, like 5Ig++, other 
cations delay clotting by coimteracting the effect of Ca++. Before testing this 
point, we determined the approximate concentrations at which various salts 
delayed plasma clotting for about 24 hr. Under our experimental conditions 
(1 ml. plasma -fO’l or 0-2 ml. salt solution at room temperature) the necessary 
final molarities of added salt were approximately as follows. 


CaCI, ^'»C1 

0 063 0-25 


BaCIj 
0 015 


MnCI^ 

0-015 


JIgCl, 
0 035 


KCI 

0-25 



CATION ANTAGONISM IN BLOOD COAGULATION 181 

IVe tten tested the effect of CaCL. . added in a concentration which in absence 
of inhibitors did not accelerate clotting, on the inhibition by BaCU, MnClo, 
ifaCl and KCl. Table 7 contains representative experiments, which were amply 


Tabie 7. Antagonism between Ca+-*- and Ba++, Mn++, 17a+, K+ 

Room temperature. 1 ml.' plasma +0-1 ml. inhibitory salt solution +0-1 ml. water or 0 033 M 
CaClj solution (final concentration of added Ca 2-7 >: 10“* Jf ). In the controls, 1 ml. plasma 
+ 0-2 mL water, or 1 ml. plasma +0-1 ml. water+0-1 ml. 0 033 M CaCl, solution. ‘Fmul concen- 
tration’ refers to added salt, no account being taken of the salts already present m the plasma. 
CO, not clotted in 24 hr. 

Inhibitoiy chloride added ^ Clotting time 


Plasma 


Concentration of 

Final concen- 

Without • 

With 

sample 

Cation 

^ • solution (Jf) 

tration (Jf) 

added CaCl, 

added CaCl; 

A 

Control 



— 

16 min. 

17 min. 

B 

Control 

— 

— 

15 min. 

ISJ ruin. 

C 

Control 

— 

— 

13 min. 

14 min. 

C 

Ba++ 

0-10 

0 0084 

35 min. 

26 min. 

B 

Ba++ 

015 

00125 

CO 

85 min.' 

B 

Ba-'"*' 

0-20 

0-Q17 

CO 

CO . 

B 

lln++ 

010 

0 0084 

37 min. 

30 min. 

B 

Hn++' 

015 

00125 

16 hr. 

73 min. 

B 

Na-*- 

2-0 

017 

39 min. 

33 min. 

B 

Na+ 

2-5 

0-21 

00 min. 

42 min. 

A 

Iva"'' 

30 

0-25 

n 

24 hr. 

A 

K+ 

2-5 

0-21 

34 hr. 

14 ht. 

A 

K+ 

2-7 

0-225 

CO 

2 hr. 

A 

K+ 

3-0 

0-25 

CO 

22 hr. 


confirmed. It will be seen that the inhibitory cations can be connteracted by 
Ca++. As witb Mgf+, the concentration of inhibitor must be carefully chosen 
if the antagonism is to be demonstrated. The most suitable concentrations are 
approximately those which are inst su&cient to delay clotting for 24 hr. 

Ringer & Sainshury [1890] claimed to have shown an antagonism in blood clotting hetween- 
Na-*" and K+ on the one hand and Ca++ on the other. Their evidence was that when blood was 
diluted twenty times with NaCl or KCl solutions clotting was greatly delayed, hut occurred more 
rapidly if the salt soluHons contained CaCl,. However, when blood is dilated twenty times the 
Ca++ concentration is far below the optimal, and accelferation of dotting would in any case be 
expected on addition of Ca+'*-. Thus the experiments of Ringer & Sainshury, although suggestive, 
give no proof for an antagonism between Ca++ and the monovalent cations. The necessary eviddree 
is provided in Table 7, 

Discussios 

An antagonism between Mg+-+ and Ca++ having been established, it becomes 
necessary to seek a possible mechanism. This question is bound np with that 
of the normal role of calcium. 

Mellanhy & Pratt [1940] suggest that Ca.++ may act physico-chemicaUu by 
antagonizing other cations with respect to the soluble fibrinogen-prothiombm 
complex, and thus facilitating the thrombin formation. K ^his suggestion 
should prove to be correct, the cation antagonisms described in the present' 
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paper will receive their explanation on the basis of the principles of colloid 
chemistry. 

It is also widely believed, however, that Ca++ activates blood clotting 
chemically by participating in the conversion otprothrombin to thrombin (the 
Morawitz-ruld hypothesis). Quick [1942] writes the relevant equations as 
follows: 

Prothrombin + CaCl 2 prothrombin Ca (‘active prothrombin’), (i) 
Prothrombin Ca + thromboldnase -> thrombin. (ii) 

If the role of Ca++ is accurately described by this hypothesis, an explanation 
of our findings will have to be found in terms of chemical kinetics. 

It may be supposed that before reaction (ii) takes place, a complex XCs 7 
is temporarily formed between prothrombin (X), Ca and thrombokinase (7). 
Then, as the result of the formation of this particular complex, prothrombin 
is transformed to thrombin. Mg++ will be an inhibitor if it can compete with 
Ca++ for its position in the complex, and if in addition XMg7 is more stable 
than XGaY, so that the transformation of prothrombin proceeds more slowly 
or virtually not at all. The effect of Mg^'+ may then be regarded as a com- 
petitive inhibition. 

Competitive inUbition is commonly observed in enzyme studies, the inhibitor usually having 
a constitution similar to that of the substrate. Inhibitor moiecuJes replace the true substrate 
moleoules at the active centres of the enzyme without being able to enter into the catalysed 
reaction. Hence, to consider the Car+ZHg+r antagonism in the present system as due to com- 
petitive inhibition involves no nevr conception, but merely the extension of a well-knomi principle 
to a system in which an ion is an activator by virtue of its being an essential constituent of the 
reaction complex. Nor can there be objection to extending the principle to a system which js 
probably non-enzymic [see Quick, 1942]; for once the complex XCaT is formed, it is unimportant 
whether both X and I' undergo chemical change, or whether one nets as an enzyme. 

A tentative explanation may now be offered for the inhibition of clotting 
by C 1 I++ in supra-optimal concentrations. The complex XCaY would pre- 
sumably be formed by a successful collision between XCa and Y or between 
TCa and X. If as the Ca++ concentration rises more YCa and XCa are formed, 
so that less free T and X are available, the chance of formation of the XCa 7 
complex will be correspondingly reduced. 

Similarly, the formation of XSIg and IMg, resulting in a reduction of the 
amount of atnilable free X and Y, would represent a second way in which 
Mg++ could prevent by competition the formation of XCaT, and so suppress 
the Ca++ activation. 

The inhibition of clotting by the other divalent cations may be explained 
similarly in terms of competitive inhibition. It is less obvious bow the inhibi- 
tion b}’’ the monovalent cations lsa+ and K+ can be due to a suppression of 
the Ca+^ activation. However, these ions become inhibitory in considerably 
higher concentrations than the divalent cations; and they are likely to be 
enriched in the immediate neighbourhood of the acidic groups ■\vith which the 
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Ca++ most probably combines. It may therefore be suggested that they hinder 
the collisions betvreen Ca++ and the reactants -which, as -we have assumed, 
necessarily precede reaction. 

The adenosinetriphosphatase of myosin, mentioned in the introduction to 
this paper, has much in common -with blood clotting with respect to the effects 
of cations (Table 8). The formation prior to reaction of a complex betrreen 


1. Ca"*"*" activates 

2. in anpra-optimal cfin- 
centrations inhibita 

3. Other divalent cations may 
activate, bnt are less etfective 
than Ca++ 

4. The inhibition by may 
be cnonteractcd by tbe addi- 
tion of Ca++ 


Tabix 8 

Myosin adenosinetriphosphatase 

Keedham [1942] 

Bailey [1942] 

Greville & Lehmann [1943] 
Bailey [1942] (Ba++ hln++) 

GreviUe t Lehmann [1943] 


Blood clotting 
Green [1887] 

Ringer !c Sainsbury [1890] 

Home [1S96] 

V. Zitday [1034] 

Ringer t Sainsbury [1890] 
(Sr<-+ Ba++) 


Present paper 


myosin, Ca++ and' adenosinetriphosphate can be postulated. This may be done 
with the more confidence, in that the formation in such systems of a complex 
between enzyme, divalent metal and substrate is now generally assumed 
[cf. 'Warburg & Christian, 1941]. The system may then be treated in tbe same 
way as blood clotting to explain the Mg+-*'/Ca-<'+ antagonism and the inhibition 
by sttpra-optimal concentrations of Ca+’^. The hypothesis that cation anta- 
gonism can be regarded as a competitive inhibition may in fact be capable of 
wider application than to the Ca-activated process of blood clotting. 


Summary - ' 

1. The inhibition by the chlorides of Mg, Ba, Mn, Na and K of the coagula- 
tion of human whole blood and plasma, obtained without an anticoagulant, 
has been studied. 

2. Clotting is indefinitely delayed by the addition of MgClj to give a final 
concentration of abput 0-04 M. This is several times smaller than the concen- 
tration of MgS 04 usually specified for the preparation of 'salted blood’ and 
‘salt plasma’. 

3. Whole blood may be kept fluid without haemolysis by the addition of 
\ vol. of lf/7 MgClj. 

4. The inhibition of the coagulation of plasma by MgCl, is, within limits 
counteracted by tbe addition of CaCl,. There is a true antagonism between 

and Ca->->' with respect to plasma clotting. 

5. The amount of Ca++ which has to be added to a given volume of plasma 

pro nee a maximal rate of clotting increases with the amount of Mn++ 
present. s • 
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6. Ba++, Mn++, Na+ and K+ also show an antagonism towards Ca++ with 
respect to plasma clotting. 

7. There is a close similarity between the effects of cations on blood clotting 
and on the adenosinetriphosphatase of myosin. The mechanism of these effects 
is discussed. 

We are grateful to Dr B. StrOm-Olaen, Physician Superintendent of this Hospital, for the intereit 
he has taken in this rrork, and for the facilities he has put at our disposal; also to Dr A. Nenberger, 
of the National Institute for Medical Research, with whom the problem has been discussed. We 
are greatly indebted to Dr L. R. Picken and Capt. L. A. Willmott, R AM.C., of the Ministry of 
Health Transfusion Laboratory, Cambridge, for observing the behaviour of Mg-treated blood 
stored under aseptic conditions. 
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Keferences . ‘ 

The pressor base described in this paper is one of the two bases previously 
shown to be present in the steam distillate from concentrated urine made 
strongly alkaline with caustic soda [Lockett, 1944]. The pressor base here 
described is the base A of the previous paper, in which a base of similar 
properties was shown to be obtained by a lead precipitation method, the base 
passing into the filtrate. The base A and the base of the lead filtrate were both 
volatile in steam, were extracted by ether from alkaline solution, ahd gave 
oxalates insoluble in ether. In this paper, both these bases are identified as 
the one base A, ’and observations leading to the identification of the main 
C-structure with that of 1-nicotine are reported; evidence is given that a more 
active form of this base may exist, closely related to Z-nicotine. 

ExhERUIENTAl 

1. The isolation of the base A as the pure oxalate from the steam distillate of 
urine concentrate made strongly alkaline with caustic soda 

In the course of 9 weeks, 742 1. of normal human urine were 
isolation of the pure oxalate of the base A. The urine was co ecte 



U BINARY PRESSOR BASE 18' 

patieuts m tte Esamination Hall extension of Mdenbrooke’s Hospital; most 
of these patients were convalescent and surgical, and the urine from renal 
cases was excluded. Phenol was used as a bacteriostatic, but no attempt was 
made to use only sterile urine. 

The base was first isolated as the crude oxa^e, the- crude oxalate was then 
purified and analysed for the establishment' of the empirical formula. The 
experimental procedure is described under these headings, and is followed by 
a description of certain changes occmring in a solution of the pure oxalate of 
the base A in 0-9% NaCl, on keeping. 

(a) The isolation of the crude oxalate 
The steps in the isolation are represented in Scheme I. 

ScHPrEl 

Trealmtnl of urint conc«n(ro{e tach day 
■Urine concentrate, j»H IS-O (KaOH) 

I 

Steam distiDate 

4 - 

Blood charcoal 

i- 

Add elntion 

Tht acid, eluaiu ir«re icorhtd in tix groups corresponding to iceeJcs 'of urine coUeclion 
Combined add eloates for one group, made alkaline (XaOH) 

4 

Chloroform 

4 

Aqueous add rrith reduction in volume, made alkaline 

4 * 

Benzoylated (Schotten-Baumann) and centrifuged [base B predpitated] ' 

I 

Supernatant, made alkalin e 

4 

CUoroform 

4 

Aqueous add rrith reduction in volnme, made alkaline 

kther, dried 

' 4 

Crude oxalate predpitated, and once recrystallized 


Throughout 0 treeks, the urine of the previous 12-24 hr. vraa concentrated each day to approd. 
mately J vok on a large watec-bath carrying 21 1, the temperature of the water being SO-.85° C. 
and a good draught provided. The eonceutrate was cooled overnight, filtered, and then ateara 
distffled in 200 C.C. fractions which had been brought with 20% KaOH to a pH just blue to 
alizarin used aa an external indicator. The distfflatc, 150-160 c-C. from each 200 c c fraction, 
was poured on to approximately 1 g. blood charcoal (British Drug Houses Ltd.) for e^ch 400 c.c 
and was stirred. As the charcoal separated only very slowly, shaking was not necessarv Afte^ 
-4 hr. the charcoal was filtered off, and the filtrate was again treated with charcoaL The charcoal 

being added to those of the first. These charcoal eJuates were pooled in sii erouns corr«ocm,l- 

'T'’ witil the foU^^ weekX^^ 

they were worked np. The elnates of group 3, however, remained in the ice chest for n 

week, these Wing then added to those of group 4, an4 the two 

l?i o 



188 


M. F. LOCKETT 


The charcoal eluatea of a group ‘were made alkaliiie to litmus with NaOH, and after standiDg 
until the precipitate flocculated, were filtered, and then filtered through kieflelguhr. The clear 
colourless solution obtained was extracted four times with chloroform. The combined chloroform 
extracts were then shaken three times with small volumes of 1% HCl, and the combined acid- 
aqueous extracts were boiled to remove all traces of chloroform. By this means the total volume 
for each group was reduced to 120-180 c.c. This solution was neutralized to litmus with 20% 
NaOH. Solid NaOH was now added gradually, with ice cooling, to 10%, and benzoylation by the 
Schotten-Baumann method was continued until 0*6 o.c. of the solution no longer gave the positive 
colorimetric test associated with the base B [Lockett, 1944]. The separation of the precipitate 
occurred more readily if the solution were not kept too strongly alkaline. The solution was then 
either filtered or centrifuged. The filtrate or supernatant fluid was warmed in a water-bath at 
60° C. for 16 min., cooled, ahd then thoroughly extracted with chloroform. The combined chloro- 
form extracts were shaken with 10 c.c. 1 % HCl three times, and the combined acid extracts vere 
boiled to free them of chloroform, and cooled. After the cooled solution had been made alkaline 
to litmus with NaOH, it was extracted five times with ether, and the combined ether extracts 
were dried over enhydrous for several days. The ether solution was then decanted, and 

treated with a saturated solution of oxalic add in ether, which was added drop by drop xmtil there 
was no further increase in the white turbidity which developed. The predpitate was spun down, 
washed with ether on the centrifuge, and then recrystallized from 98% alcohol, these crystals 
being the crude oxalate. Tie oxalate began to separate at once on cooling. A weighed amount of 
the dried oxalate was dissolved in 0*9% NaCl, and tested for pr^or activity by intravenous 
injection into a cat anaesthetized with chloralose, and prepared in the manner described in the 
previous paper [Ixjckett, 1944]. The remainder of the oxalate obtained from each group of charcoal 
eluatea was dissolved in 10 c,o. water, one drop 10% HCl was added, and the solution was stored, 
after sterilization by boiling, in the ice cheat to await the final crystallizations. 


The weights of cnide oxalate obtained from each group of charcoal elnstes, 
the litres of urine represented, and the pressor responses obtained, are given 
in Table 1. 


Table 1 


Wt. of crude Vol. of urine 


Wt. of oxalate 


Arterial pressure, 
mm. Hg 


Group 

oxalate 

mg. 

represented 

L 

Wt. of cat 
kg- 

injected (crude) 
t^P- 

/ 

Base-line 

Kise 

I 

68-6 

110 

2-3 

j 70-0 

1140-0 

144 

143 

32 

56 

n 

86-25 

100 

2-4 

(107-6 

(216-0 

168 

169 

34 

06 

mi 

IVf 

63-4 

234 

2-25 

(26-4 

161-0 

160 

100 

40 

64 

V 

05-0 

132 



(Tested in solution before 

— 


VI 

48-5 

100 

— 

(the oxalate was prepared 

— 

■ 


The final solution to be used for ether extraction, and precipitation of the 
crude oxalate of group V eluate, was tested for pressor activity, the cru e 
oxalate ivas subsequently prepared and weighed but not tested. The volume 
of this solution was 72 c.c. D-1 c.c. of this solution when injected intravenously 
into a cat, wt. 2-26 kg., and under chloralose anaesthesia produced a nse o 
arterial pressure of 74 mm. Hg from a base-line of 155 nm. Hg. The co^e 
spending solution from group volume 66 c.c., was similarly teste on e 
same cat, and in a dose of 0-3 c.c., from a base-line of 155 mm. Hg, produce 
a rise in arterial pressure of 46 mm. Hg. 
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There should, then,’ have been approsknately 6000 pressor doses of the 
oxalate of the base A in the five 10 c.c. solutions of the crude oxalate. 

( 6 ) The purification of the crude oxalate 

The steps are represented in Scheme II. In the purification of the crude 
oxalates, the base A vras .passed from an alkahpe solution of the whole weight 
of crude' oxalate to chloroform, and thence to aqueous HCl. Benzoylation by 


SOKEME n 

Tht purification of all the crude oxalate from the «ii groups 

Crude oxalate solution, made alkaline 

Chloroform 

I 

Aqueous acid, made alkaline, benioylated, and centrifuged 
Supernatant, alkaline 
Chloroform 

Aqueous acid, made alkaline 
Ether \dried) 

Oxalate precipitated 
Reciystalliiation firom abs. alcohol 


1 

Crystals A1 (let batch) 
Becrystallized firom abs. alcohol 


. f 

Crystals Ad 
m.p. 112" C. 

Kecrystallized 
abs. alcohol 

Crystals AT 


1 

Air by evapora- 
tion of mother 
■ liquor 


1 

Crystals A2 (2nd batch) 
m.p. 102" C. 

Recryataiiiied from 
abs. alcohol 

Crystals A5 

Becrystalliica from mother 
liquor of A7 

I 

Crystals A8 


, Crystals A3 (evaporation 
of mother liquor) 

I 

Eecrystallized firom mother 
liquor A5 

Crystals A6 

Eeciystalliied fiom mother 
liquor of A 8 

Crystals A9 


the Schotteu-Baumann method was repeated to ensure the removal of the 
whole of the base B which has been shown to henxoylate readily hy this 
method [Lockett, 1944]. The i>ase A was then again passed into chloroform 
from alkaline solution, and hack into aqueous HCl; and was then passed into 
ether from alkaline solution, and dried in ether. The oxalate was precipitated 
by the addition of oxalic acid in ether, and was repeatedly recrystallized until 
crystals of constant melting-point and pressor activity were obtained. The 
actual procedures will now he described. 


The 50 c.c. of solution of crude oxalate was made alkaline rnth 2-5 c e 20“/ TVonrr j 

HCL m toitm 

HCl, boiled to free it firom chloroform, and aho-wn to be without oressor artiTriWr 

iniectiou into a chloralosed cat, wt. 2-8 kg., in a dose of 5 c.c. ^ mtraveaoua 
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The combined cliloroforin extracts, having a volume of 120 c.o., were extracted four times with 
12-14 c.c. 0*64% HCi. These combined acid extracts were boiled to remove ohlorofonn, cooled, 
neutialixed and then made alkaline with 10 c.c, 20 % JJfaOH, and the solution cooled in ice. 
A fifth extraction of the 'chloroform was carried ont with 10 o.c. 0'64% HCI, the aqueous phase 
was boded, cooled and neutralized with KaOH, and was found to be without pressor activity 
when injected intravenously into a ohloralosed cat, wt. 2*8 kg.j in a dose of 1 c.o. 

The ice-cold alkaline solution was now henzoylated by the Scho^n-Baumann method; a small 
amount of precipitate separated and was spun down. The process was repeated on the super- 
natant, but no further precipitate formed. The solution was warmed to destroy any residual 
benzoyl chloride, cooled, and extracted five times with chloroform; and the combined chloroform 
extracts were shaken four times with 12-14 o.o. 0*64% HCL The mixed acid extracts were boiled 
gently to free them of chloroform, and were then cooled. The henzoylated alkaline solution which 
had been extracted with chloroform was neutralized, boiled free of chloroform, cooled, and shaken 
with 2 g. blood cbarcoaL The charcoal was filtered off, washed with distilled water and elated by 
boiling it in 20 c.c. 0*64% Hd, and filtering. The eluate was neutralized to litmus with 20% 
NaOH and was brought to volume. 5 o.c. of this solution were without pressor activity when 
injected intravenously into a cat, wt. 2*8 kg., under ohloraJose anaesthesia. 

The cooled add solution was neutralized with NaOH to a volume of 63 c.c. 0*1 c.c. of this 
solution was diluted to 10 c.o. with 0*0% NaCL 1*5 ac. of this dilutad fluid, injected intravenously 
into a 2*8 kg. cat under chloralose anaesthesia, produced a rise in arterial blood pressure of 40 mm. 
Hg. The undiluted solution was made alkaline with 6 o.c. 10% NaOH, and was extracted five 
times with ether. The combined ether extracts, volume approximately 100 o.o,, were dried for 
a week over anhydrous NatS 04 . The alkaline solution which had been extracted with ether was 
neutralized with HCI, boiled to fr:ee it of ether, end then shaken with 2 g. blood charcoaL The 
charcoal was filtered off, eluted by boiling and stirring with 20 c.c. 0*64% HCI, and the whole 
was filtered. The filtrate after cooling was neutraUzed to' litmus paper with 20% NaOH, and 
brought to volume. This solution was found to be without pressor activity on intravenous iajectJOD/ 
in a dose of 3 c.c., into a cat, wt. 2*8 kg., under chloralose anaesthesia. 

After a week the ether w<as decanted from the Na^SO, wMch was washed with diy ether, the 
^ washings being added to the decanted ether solution. A'teturated solution of oxalic acid in ether 
was added drop by drop until no further tnrbidily developed. The Bolvtion was then ^nn in closed 
tubes for an hour. The ether was decanted; it gave no fhrther precipitate on the addition of a 
few drops of oxalic acid in ether. The precipitate was washed with ether, and ciystalliied from 
15 c.o. absolute alcohol. In 2 hr, a crop of white, warty crystalline groups began to form. Tho 
flask was transferred to the ice chest. 

The following day the mother liquor was decanted and returned to the ice cheat. The cryetftls, 
(Al) which bad separated, were drained, washed briefly with ice-cold absolute alcohol, again 
drained and put into a desiccator over soda lime (m.p. 113° C., after drying in air on a porous 
plate). 

No further/fcrystals formed in the mother liquor during the next 12 hr. The eolation was taken 
down gently in a vacuum desiccator to approximately } vol., a little solid separating. The flask 
was then warmed, complete solution taking place. The Bolutioh was allowed to cool to room 
temperature and was then put into the ice chest. Crystals began to aeparato almost at once (A2)< 
Tho next day the mother liquor was decanted and allowed to evaporate slowly under a glass jar. 
The crystals (A2) were drained, shortly washed with ice-cold absolute alcohol, again drained, an 
put into a desiccator over soda lime. A few of these crystals were dried on a porous plate 
at room temperature, and the melting-point determined. It was 108 - 109 ° C. decomporition. e 
residue from the mother liquor was a eh'ghtly yellow waxy mass of ill-fonncd cry'stals ( ). eso 

were washed and dried as before. 

After 2 days, rreigh^d amounts of each set of crystals were dissolved in 
10 c.c. 0-9% NaCl. The weights taken were; A I. 1-27 mg.; A 2, 2-17 mg.; 
A3, 2"1 mg. These solutions were tested for pressor acthaty by ^nt^a^enous 
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iniection. into a cat, \ct. 2-3 kg., nnder cWotalose anaesthesia. The lesnlts are , 
illustrated in Fig. 1 and are summarized in Table 2. Solutions Al and A2 were 
diluted 1 m 10 with 0-9% before injection. 



Rg. 1. The tracings show the responses to the foUo'iring solntions: [a) " e-c. of a 1/VO dilution 
of Al; (6) 1 C.C. of a 1/10 dilation of A2; (c) 04 c.c. of AS. Time marker, 10 sec. 


Table 2 



Wt. of 

Arterial pi«sure, mio. Hg 

lu.p. of 

Solution 

oxalate 

•A 

/ V 

crvrtals 

c.c. 

f'g- 

Base-line Bi?e 

■'C. 

1/10 Al 2-0 

254 

150 39 

113 

1,T0 A2 1-0 

27-7 

140 43 

102 

A3 04 

S4-0 

144 46 

83 


From these results it was seen that the activity of the A3 was much lower 
than that of the Al and A 2 crystals. 

The Al solution was stored in the ice chest. Al was at once recrvstalhzed 
from 3 c.c. absolute alcohol, and next day the crystals (A 4) wMch had separated 
were drained, washed with ice-cold alcohol, again drained, and dried over soda 
lime in a partially evacuated desiccator. The mother liquor from the Al 
recrystaEization was allowed to evaporate imder a glass jar, and the residual 
solid dned and reserved as A4r. A2 was similarly recrystallized, giiung crystals 
A 5, and the mother liquor was used for the lecrystallization of A3, crystals 
A6 being obtained. Weighed amounts of these dried crystals were dissolved 
in 10 c.c. 0-9% NaCl: A4, 0A5 mg.; A5, 0-S mg.; A 6, 1-0 mg. These solutions 
were tested for pressor actmty in a 3-1 kg. cat under chloralose anaesthesia, 
and comparison was made with the original undiluted solution of Al which 
had been stored in the ice chest for the intervening 9 days. Fig. 2 shows the 
responses obtained; and these are summarized in Table 3. From these results 
it was concluded that crystals Al had recrystallized, giA-ing crystals A4 
.without apparent change in activity, and that crystals A5 and A6 were bf 
considerably lower activity than crystals Al and A4. 

Recrystallization was repeated. Crystals A4 were recrystallizedTrom 2 c c 
absolute alcohol, crystals A7 being obtained. The mother liquor from A7 was 
used for the recrystallizarion of A5, crystals AS being separated, and the 
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mother liquor was used for the recrystaUization of A6, crystals A9 being 
obtained. These crystals were washed, drained, and dried as previously 
described, and known weights of each were dissolved in 10 c.c. 0'9 % NaCl, 
residue A4r being similarly treated. The weights were: A7, 1-6 mg.; A8, 
0-8 mg.; A9, 0-35 mg.; A4r, 0'6mg. These solutions were tested for jJressor 



Fig. 2. The tradnga show the responses to the following solutions: (a) 0'2p.c. Alj (i) O-I c.c. Al; 
(c) 0-3 0 . 0 . A6; (d) 0-2 o.o. A6; (e) 0-2 c.o. A4; (/) 0-26 c.o. A4. Tune marker, 10 seo. 


Table 3 



Wt. of 

Arterial pressure, 

nun. Hg 

m.p. of 

Solution , 

oxalates 


> 

ciy^ls 

c.c. 

Pg- 

Base-line 

Rise 

*C. 

Al 0-2 

25-4 

161 

96 

113 

01 

12-7 

163 

)B4 


A6 0-3 

24-0 

142 

66 

107. 

A6 0-2 

200 

140 

44 

106 

A4 0-2 

9-0 

150 

40 

112 

0-25 

11-6 

162 

62 



activity in a cat, wt. 2-3 kg. Solution Al was again used for comparison. The 
results are illustrated in Fig. 3. 0-16 c.c. of solution A7 containing 22-6 pg., 
0-3 c.c. of solution A 8 containing 24 fig., OA c.c. of solution A4r bontaining 
24 fig., and 0‘6 c.c. of solution A 9 containing 21 fig., each equates with 0'2 c.c. 
of solution Al containing 26'5 fig. From these results it was concluded that 
crystals Al, A7, A8, A9 and A4r all had the same pressor activity. 

Three melting-point determinations were made on each of these crystal 
batches, A7 melting at 113° C., A8 at 112° C., A4r at 112° C., and A9 at 112° C. 
The A4 crystals had previously given a m.p. 112° C. In all cases melting was 
accompanied by decomposition. 

Repeated recrystallization was seen to be producing crystals having a 
pressor activity no greater than that given by crystals Al, the crystals from 
subsequent recrystaUizations having remained of constant pressor activity and 
melting-point. Moreover, less active crystal batches, which showed a lower 
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melting-point than crystals Al, reached on recrystallization the pressor activity 
and melting-point of the original Al crystals (crystals A8 from A2, and A9 
from A3). Snch crystals vere, therefore, judged to be pure. 


Il 


150- 


n-. 3 The tracings show the responses to the foUowing Eolations: (a) 0-2 c c Al- (b\ 0-lS r r 

11: ‘ VI “ 

(c) Analyses and empirical formula of the oxalate of the base A 
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Approximately 22 mg. of crystals A7 were sent immediately to Dr G. Weiler 
for micro-analysis. Crystals A8 were recrystaUized ovemiglit, and approxi- 
mately 16 mg. were sent next day. The crystals for analysis were dried in a 
high vacuum at room temperature. Results: 

For A7: 3-626 mg. gave 6-800 mg. COj and 1-610 mg. H^O; residue 
0-036 mg. . 

3- 737 mg. gave 6-140 mg. COj and 1-780 mg. H^O; residue 
0-023 mg. 

4- 398 mg. gave 0-232 c.c. N at 760/21°. 

3-833 mg. gave 0-210. c.c. N at 766/19°. 

C 44-9%, 44-8%; H 6-1%, 6-3%; N 6-1%, 6-4%. 

These figures correspond with an empirical formula of CgHj^NiOg . 

For A8: 3-680 mg. gave 6-980 mg. CO^ and 1-760 mg. HgO; no residue. 

3-410 mg. gave 0-183 c.c. N at 767/23°. 

These figures, C 46-6%, H 6-4%, N 6-3%, correspond with an empirical 
formula of . 

(d) Changes taking place in a solution of the oxalate pf the base A 

The first solution of the oxalate crystals Al, which was used for comparison 
, throughout the recrystaUizations in the purification of the oxalate,Vas pre- 
pared on 2 May 1942, and contained 1-27 mg. ,in 10 c.c. 0-9% NaCl. This 
solution was not sterilized, but was stored, corked, in the ice chest from 2 Slay 
1942 for 6 weeks. No visible change took place in this solution, and there was 
no apparent alteration in pressor activity (see Table 4). 

On 20 May 1942 the pressor activity of crystals A 8 in solution was found to 
.equate very nearly with that of crystals Al (see Fig. 3). The following day, 
3-3 mg. of crystals A 8 (recrystaUized) were dissolved in 60 c.c. 0-9% NaCl, 
and the solution was sterilized in a bottle provided with a rubber cap, by 
heating in a boiUng water-bath for 30 min. After cooUng, this solution was 
stored in the ice chest. The solution was tested for pressor activity on 9 June 
1942, nearly 3 weeks later; and, on shaking, a sUght shimmering of the solution 
was observed, suggesting the separation of minute crystals. Between 9 and 
18 Jime 1942 this shimmering greatly increased. IVhen it is remembered that 
crystals A8 originally equated with crystals Al, the results given in Table 4 
suggest that alteration had occurred in the pressor acthn'ty of the solution A 8. 
For the pressor activity tests, the solution was diluted 1:3 with 0-9% NaCl. 

On 18 June 1942 examination under the microscope confirmed the presence 
of minute crystals in the solution. The residual amount of the solution was 
divided into two parts; one part of the solution was filtered through kieselguhr, 
and the other part was spun for 46 min., and the supernatant fluid was decanted. 
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'Table -t 


Solution 

A1 

A8 

A1 

AS 



VoL 

m. of 


injected 

crystals 

Date 

c.c. 

'ps- 

3. V. 42 

0-2 

25A 

12. V. 42 

0-2 

25-4 

5. Ti. 42 

0-2 • 

25A 

20. T. 42 

0-3 

24-0 

20. T. 42 

0-2 

254 

9.Ti.42 

2-0 

44-0 

10.T142 

4-0 

8S-0 

U.vi.42 

2-0 

44-0 

12.TL42 

54) 

1-22-0 


rterial pressure, 

J. 

mm- Jig 

tVt. of cat 

Base-line 

Bise 

kg- 

150 

39 

2-3 

153 

64 

3-1 

113 

45 

2-5 

140 

47 

2-3 



(Hg.3) 

141 

46 

2-3 

96 

60 

24 

114 

54 

2-7 

135 

12 

2-9 

141 

42 

2-5 


aose inspection of tliese solutions showed that the kieselguhi filtrate was clear, 
but the supernatant fluid still showed the shimmering of the minute crystals. 
A cat, wt. 34 kg., was prepared as previously described, and 2 c.c. of each of 
these fluids were injected intravenously without further dilution. The results 
are illustrated in Fig. 4. During the rise in blood pressure associated with the 



lig. The tracings show the responses to the foDoning injectiQns: (a) 2 c.c. of the filtered 
Eohitiou; (6) 2 c.c. of the supernatant after spinning. Tim e marker, 10 sec. 


injectioE of the supernatant after spinning, there was a clonic fit involving the 
ears and forelimbs, and lasting about 10 sec.; these fits recurred, always clonic 
m type. The blood pressure fell to the original base-line in 12 min. Clonic fits 
wuried with lessening severity during the nest 20 min. The osalate when 
first iMlated was instantly soluble in water. The gradual formation of the 
insoluble crystals will agam be referred to later in this paper (see § 12) 
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2. A repeat tsolation of the oxalate of the base A from the 
, ■ steam distillate of urine 

In order to obtain purified material for the preparation of other salts of flie 
base A, and for preliminaiy examination of the ultra-violet absorption spebtrum 
of this base, the oxalate was again isolated. 

The process used in this isolation of the oxalate from 653 1. of the urine of 
male surgical and convalescent patients was very similar to that employed in 
the first isolation; progress was less rapid, the time taken extending throughout 
13 weeks. Only those points in which this isolation differs from the former are 
described. 

The mine iras collected throoghout 10 weeks, the charcoal elaates were again worked in gronpj 
corresponding to Tveeks, but were simply concentrated by passing the base fiom alkaline solntion 
into chloroform, and back into dilute aqueous acid. The chloroform urns gently boiled out of these 
acid aqueous solutions, Tvhich were neutralized with NaOH, sterilized by boiling, and were then 
stored in the ice chest. It was noted after the 6th week that the shimmering appearance described 
above in solution, AS had begun to appear in the early solutions. A preliminary benzoylation was 
carried ont on the combined solntions corresponding to 2 weeks of prine collection, the base 
subsequently being passed from alkaline solution to chloroform, and thence to dilute aqueous 
acid, with concentration to smaller volume. The five aqueous acid solntions resnltiug were further 
concentrated by chloroform extraction from alkaline solntion, the base being then passed back to 
a small volnme of dilute HCL The chloroform was gently boiled out of this solntion, which w 
then cooled and neutralized; solid NaOH was gradually added to 10% w/th cooling and stirring, 
and benzoylation was repeated. The base was again passed into chloroform, and thence into dilute 
aqueous acid. After Being boiled to remove all traces of chloroform, cooled, and made alkaline 
with NaOH, the aolution.was thoroughly extracted with ether, the ether extracts being dried over 
anhydrous Na^SO^ for a week. The oxalate was precipitated in the manner previously described, 
and after it had been washed with ether, was reciystallized from absolute alcohol. The melting- 
point of these crystals was 97° 0. After they had been reciystallized twice from absolute alcohol, 
and dried in a high vacuum at room temperature, their melting-point was 112° C. 

(a) Analysis of the oxalate crystals 

Approximately 18 mg. of these crystals were sent (17 August 194:2) for 
micro-analysis. The crystals were dried in a high vacuum at room temperature 
before analysis: 

3-919 mg. gave 6-500 mg. COj, and 1-990 mg. HoO. 

3-912 mg, gave 6-520 mg. COj, and 1-950 mg. HjO. 

3-620 mg. gave 0-217 c.c. N at 757/21°. 

3-680 mg. gave 0-218 c.c. N at 757/22°. 

C 45-26%, 44-4%; H 6-64%, 5-64%; N 6-9%, 6-8%. 

These figures for C and H agree fairly well with those of the previous analyses. 
The N figures are rather higher for the second crystals. 

These oxalate crystak were, however, of low acthity. JUinute needle crjsta 
began to separate in 24 hr. from their solution in 0-9% l7aCl. On 17 August 
1942 1-2 mg. of the oxalate were dissolved' in 10 c.c. 0-9% NaCl, and were 
tested for pressor acti^^ty on a cat, wt. 1-8 kg., under chloralose anaesthesia. 
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0-6 c.c. of this solution conteining 72 fzg. vreTe requited to raise the mean 
arterial pressure 41) mm. Hg from a hase-line of 104 mm. Hg, this response 
equated roughly rdth 10 /ig. of adrenaline tartrate. The remainder of these 
oxalate crystals xras used for the preparation of the free base A, of the auri- 
chioride and of the platinichloride, and for examination of the ultra-violet 
absorption of the base A in solution' as the hydrochloride. 


(b) The free base A, and the determination of its molectdar weight 
The firee base A, an oil, -vras isolated from the oxalate, and the molecular 
-weight nas determined by means of the depression of the freezing-point of 
camphor. 

Approximately 9 mg. oxalate crystals dissolved in 10 c.c. nater nere made 
alkaline -with hfaOH, and extracted -with ether. The ether extracts nere dried 
for 4 days over three changes of anhydrous hla^SOi, and the ether solution 
vras decanted. The ether -was distilled off, and the remaining colourless oil was 
dried in a high vacuum at 60° C. for several hours, the oil shovring some 
volatility under these conditions. In 24 hr. the oil became slightly yellow. In 
an attempted microboiiing-point determination, above 150° C. the oil became 
dark yellow, by 210° C. it was dark reddish brown; the boiling-point was not 
reached by 220° C. at atmospheric pressure. 

The oil was sent for a molecular weight determination ; 

0-312 mg. oil in 3-380 mg. camphor gave a depression of 20° C.; mol. wt, 171. 

(c) The aurichloride of the base A 


A solution of approximately 4-5 mg. oxalate crystals in 10 c.c. water was 
made alkaline with NaOH, and extracted with ether. The ether extracts were 
washed with water, and then shaken -with 2 c.c. 1 % HCl. The aqueous acid 
solution was warmed to free it from ether, and then treated with a drop of a 
concentrated solution of aurichloride in 2% HCL Crystak separated in 4 days. 
They were drained, rapidly washed -with ice-cold water, and dried. The crystals 
were yellow, rather soluble, and needle shaped. After drying in a high vacuum 
at room temperature, they darkened at 150-155° C. and melted -uith decom- 
position at 183-185° C., or higher, depending on the rate of heating. 


(d) The platinichloride of the base A 

The platinichloride was prepared from 12 mg. oxalate crystals; the base was 
passed from alkaline solution to ether and hack to 3 c.c. 5% HCl. The aqueous 
phase was hoiled to dispel ether, and a few drops of chloroplatinic acid solution 
were added. No crystals separated in 2 days. The solution was concentrated 
to aproxunately 4 voL; crystals did not separate. The addition of 1 vol of 
alcohol was followed by the rapid formation of orange-yeUow crystals 
were filtered off, washed thoroughly with ice-cold alcohol, then wi^ ether and 
dned m am They were rather soluble in water, bnt almost insoluble in ako^L 
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Tlie crystals after drying in air darkened at 250-255° C., and melted with 
decomposition at about 275-270° C. Approximately 16 mg. .of these crystals 
were sent for micro-analysis. They were dried in a ,high vacuum at 100° C. 
before analysis; 

4-076 mg. gave 3-200 mg. COj, 3-134 mg. HjO, and 1-380 mg. residue. 
3-776 mg. gave 2-460 mg. CO^, 1-100 mg. H^O, and 1-289 mg. residue. 
3-776 mg. gave 0-150 c.c. N at 760/24°. 

3-610 mg. gave 0-137 c.c. N at 750/23°. 

C 21-46%, 21-4%: H 3-134%, 3-26%; Pt 33-87%,' 34-11%; N 4-6%, 
4-31%. 



Fig. 6. The onrres show the ultra-violet absorption of the base A obtained tom ‘b® 
distillate of alkaline urine concentrate. Ordinates: density. Abscissae: Xm A. x 1 


(e) The precipitation of the base A by HgClz 

The base A has been shown to be precipitated from urine and unne concen- 
trate by HgCl^ [Lockett, 1944]. By working up the final mother liquor from 
the last recrystaUization of the oxalate described above, a furt er mg. 
oxalate crystals, m.p. 112° C., were obtained. A solution o ^ 

(11 mg.), in 5 c.c. water was made acid with HCl and thoroug ye r 

with ether. After separation, the ether was boiled out of t e aqueous p , 

„Hch ™ tto cooled, »od neotrofoed -th N.OH; one deep of 

cone HCl was then added, and the volume was brought to U c.c / c.c. oi 
Td .Lntcd eolution of HgCl^ were the. added, and gteyeh wh.te ery.t.l. 
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Bepaiated withm 24 hr. These crystals TPeie completely insoluble in cold water 
and in alcohol, and failed to recrystallize from hot water. 

{/) The ultra-violet absorption spectrum of the base A 

Bluates from "blood charcoal adsorption columns which contained the base A 
were found to show an absorption band in the nltra-^jolet at approximately 
2600 A. [Lockett, 1944]. The base A was therefore examined in solution as the 
hydrochloride, and was found to give a similar ’absorption spectrum. 

0-6 mg. of the oxalate crystals, the analysis of which is given above, were 
dissolved in 6 c.c. water. 1 c.c. 5% NaOH fA.R.) was added, and the solution 
was thoroughly extracted with ether. The ether extracts were combined. an<L 
were shaken with 5 c.c. 1 % HCl. The acid-aqueous phase, warmed in a water- 
bath at ‘60° C. for 20 min. to remove all traces of ether, was neutralized with 
0-65 c.c. 10% NaOH-(A.Il.) and brought to a volume of 6 c.c. A control 
solution of similar NaCLcontent was prepared. UltTa-violet absorption spectra 
of this solution and of a 1/10 dilution were photographed. The results ate 
illustrated in Big. 5 and show the presence of an absorption band at 2600 A. 


3. An investigation of the function of the oxygoti and nitrogen contained in the 
empirical formula of the oxalate of the base A ^ 

The empirical formula of the oxalate of the base A isolated by the method 
of steam distillation is It had been observed that the pressor 

activity of the oxalate solutions decreased with time. In order to study the 
chemical nature of the N and 0 in as active a form of the base A as possible, 
and to avoid the necessity of working up the enormous volumes of urine which 
would be required to furnish enough of the pure compound for a single conclusive 
chemical test, the following experiments were carried out. The facts that the 
base A was so readily and completely extracted from aqueous alkaline solution 
by ether, and that it passed back quantitatively from the ether to dilute 
aqueous acid, rendered possible the method of working described below. 


A total of 120 L of urine ivere concentrated, cooled, filtered and steam totflled exactly as was 
described in detail in tbo previous section of tins paper. The steam distillate was similady treated 
with charcoal, and the charcoal elnates were worked up exactly as was described for a single group 
during the isolation of the base A, as far as the first benzoylation. Care was taken that this 
beuioylation should be complete. It was continued until no further separation of a precipitate 
occurred on re-tenzoylation of the supernatant after spinning; the removal of the base B must 
therefore have been complete. , 

The supernatant solution was warmed to destroy any remaining benzoyl chloride, cooled and 
then thoroughly extracted with chloroform, yrom the chloroform the base was pas^ back into 
60 C.C. 1 % Ha. The acid solution was boiled gently to free it of oWorofonn, and after coolinst was 
neutralized with NaOH, and dUuted with water to 130 o.o. This dilution was called solSn A 
and served for the preparation of the solutions described below. , ^ 

AH ether extractions were carried out in the following manner. The solution was transferred 

iO /o NaOH were added, and three extractions each with 6 o.c. ether were mnda r ' 

6 mm. each time. The combined ether extracts were shaken for 3 min. with 10 c 
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and the aqueous phase was separated. When aU the solutions had been prepared to this irtagr, 
the tubes were heated together in a water-bath at 86-90° C. for 10 min. to free them from ether. 
After cooling, 1 o.o. 10% NaOH was added to each tube, the solution was neutralized with 5% 
HCl, and made up to 15 c.o. with water. As the solutions were prepared in the course of 3 days, 
a control extraction was carried out on 5 o.c, of solution A on each of these dAys, and the extrac- 
tions were numbered in sequence Ca, C6, Cc. Where there was any divergence in treatment a 
separate control was prepaiyd^ ^nd was numbered according to the experiment tube, but with 
the suffix *0, 

^ Tube 1. 6 0.0. solution A were treated with a concentrated aqueous solution of HgClj, 1 c.c. 
After standing 24 hr. the solution was filtered through kieselguhr, saturated with filtered, and 
neutralized. The solution was then made alkaline and extracted with ether, etc., as described above. 

Tube 2. 5 o.o, solution A were treated with 1 c.o. of a saturated solution of NnHSOj. After 
the tube had stood 24 hr. a fine opalescence was seen, which failed to filter. The solution was made 
alkaline and extracted with ether as described above. 

Tube 3. 6 c,c. solution A were treated with 0*3 c.Ci 10% NaOH and were extracted with ether, 
but the ether extracts were treated in a manner different from that described above. The combined 
ether extracts were washed for 30 seo. inth 6 c.c. of a solution containing 0*6 o.o. 6% NaHSOj 
and 4*5 c.o. phosphate btiffer, pH 7*4. After separating, the ether extract was shaken with 0-64% 
HCl as previously described. 

Tube 3 c. 6 o.c. solution A were treated in a way similar to that described for tube 3, but the 
ether extracts were washed with 4*6 c.o. of the buffer brought to 6 0.0. with water. 

Tube 4. 6 c.c. solution A were treated with 1 drop of cone, HCl, and 1 o.c. of a saturated nquconi 
solution of 2, 4-dinitrophenylhydrazine. After the solution had stood 30 hr,, it was filtered through 
kieselguhr, neutralized, and was then treated as previously described. 

Tube 6. 6 c,o. solution A, 2 drops glacial acetic adS, and 1 c.o. of a concentrated solution of Bemi- 
carbazide were saturated with solid sodium acetate; after 36 hr, the solution was filtered, 
neutralized, and then treated as described above. 

Tube 6. 6 c.c. solution A were treated with 1 c.c. Nessler’s reagent. A yellow crystalline pre- 
cipitate formed. After standing 24 hr., the solution was filtered, and the filtrate was extracted 
•mih. ether without the further addition of alkali. 

Tube 7. 6 c.c, solution A were saturated with KCIO4 . After standing 48 hr. the solution was 
filtered, made alkaline, and extracted in the standard manner. 

Tube 8. 5 c.c, solution A were saturated with sodium thiosulphate, and after standing 48 hr. 
the solution was filtered, made alkaline, and extracted in the standard manner. 

Tube 9. 6 c.c. solution A were treated with 1 c.c, freshly prepared sodium hypobromite solution. 
After the solution had stood 24 hr. the ether extraction was carried out, but no further alkah 


was added. 

Tube 9 c. 5 c,c. solution A were treated with 1 c.c, 40% NaOH, and after standing 24 hr. were 
extracted with ether without the further addition of alkali, ' , 

Tube 10. 6 C.C. solution A were treated ^rith 0*6 g. NaNOj, and 0-1 c.c. 6% HCl were 
2-hourly to a total of 1 c.c. No reaction was observed. After 12 hr. the solution was ncutraliz 
and extracted in the standard way. . . 

Tube 11. Set up and worked exactly like tube 10, but NaHSOj was substituted for the nitnte. 
Tube 12. 6 c.c. solution A plus 0*1 g. NaOH, were cooled in ice, and a Schotten-Baumann 
benzoylation was carried on for 2 hr., 1 drop 40% NaOH being added as required. No 
was apparent. A duplicate tube in which normal saline was substituted for solution A was wor 
in parallel, and at the end of the 2 hr. was titrated with 3*65% HCl. 2*1 c.c. of the acid 
required to neutralize the solution to cresol red. From this was calculated the amount o a ^ 
in the experiment tube. This tube was warmed on a water-bath at 40 C. f^ 10 min., 
neutralized, spun and decanted. The decanted fiuid was extracted in the standa ^ 

Tube 12 c. 5 c.c. 86lution A plus 0*1 g. NaOH were stood throughout the 
Tvatcr. At the end of the 2 hr., 0-4 c.c. 3-65%.Ha were added to adjust the strength of n^n i 

the control tube to that in the erperiment tube before heating in nltoJine so u on. o u 

now worked np exactly as described for the experiment tube. 
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Tube 13. 5 c.c. solution A vreie treated exactly as described for tube 3, but tbe ether 
were •srashed for 30 sec. rrith -5 c.c. of a concentrated solution of semicarbaiide hydrochlon e 
saturated -Kith sodium acetate. 

Tube 13 L 5 <Lc. solution A were treated as tube 13, but the ether extracts rrere washed wx 
5 c.c. of a saturated solution of sodium acetate. 

Tube 14. Identical with tube 13 except that the ether extracts were washed with an aqueous 
solution of 2, d-dinitrophenylhydTazine hydrochloride, 5 c.c. 

Tube 14 c. As tube 14, but the ether extracts were washed with 5 c.c. water. 

Tte final solutions, numbered in correspondence witb tbe tubes, were now- 
tested for pressor activity on a cat, wt. 2-9 kg., and prepared in tbe manner 
previously described. Tbe responses obtained on intravenous injection of tbe 
test solutions are shown in Fig. 6. 

Tbe control solutions Ca, Cb, Cc, made on three consecutive days, equated 
very closely; there was therefore no appreciable alteration in tbe activity of 
solution A during this period. Between injections 21 and 22 tbe cat was rested 
for 88 min., and thereafter there was increasing response to the same dose of 
active solution. This is shown by the responses 23 and 28 to 0-3 c.c. of solution 
13c, and by comparison of responses 4 and 11 on the one hand, with response 29 
on the other, 0-3 c.c. of control solution being injected on each of these three 
occasions. Xo. 2 is the response to 1-0 c.c. of scdntion 1 ; complete destruction 
of activity has been produced by HgCh. No. 3 is the response to 0-3 c.c. of 
solution 2. The slight reduction in the activity of this solution would be without 
significance were it not for the responses seen in nos. 26 and 27, which resulted 
from the injection of 0-3 c.c. of solutions 3 and 3c. These responses suggest the 
possibility of the presence of a carbonyl group. Xo. 9 shows the response to 
0-3 c.c. of solution 4 ; there has been ijo separation of a dinitrophenylhydrazone. 
When the ether extract washing method was employed, however, a reduction 
in activity occurred, as is shown by comparison of the responses to 0-3 c.c. of 
solution 14 (no. 24) and 0-3 c.c. of solution 14c (no. 25). Xo. 10 shows the 
response to 0-3 c.c. of solution 5, and comparison of this with the response to 
the control solution (no. 4) shows that a shght reduction in activity has 
occurred: when the ether extract washing method was used, there was total 
loss of pressor activity, no. 22 showing that there is no response to 0-3 c.c. of 
solution 13. This was confirmed by a further injection of solution 13 between 
nos. 27 and 28. Xos. 23 and 28 are the responses to 0-3 c.c of solution 13c. 
Again the possible presence of a carbonyl-group is indicated. 

Xo. 12 shows the response to 1 c.c. of solution 6; there has been precipitation 
of the base by Xessler’s reagent, as is seen by comparison with no. 11 which is 
the response to 0-3 c.c. of the control. Xo. 13 is the response to 0-3 c c of 
‘a reduction of activity cannot be considered of signifi,^ce 

^td conned by more vigorous oxidation. Xo. 15 shows the response to 
0 3 c.c. of solution 9. It equates exactly with 0-3 c.c. of its control 9clno 141 
^ by sodium hypobromite. Xo. 16 shows the 


PH. cm. 


14 







Fig, 6. The tracings show the responses to the following solutions: (2) 1*0 c.c. soin. 1 ; (3) 0 2 c.c. 
Boln. 2; (4) 0-3 c.c. control; (9) 0-3 o.o. soln. 4; (10) 0-3 c.c. soln. 6; (11) 0-3 c.c. control; 
(12) 1-0 o.c. soln. 6; (13) 0-3 o.c. soln. 7; (14) 0-3 c.c. soln. 9; (15) 0-3 c.c. soln. 9 c; (10) 0-3 c.c. 
soln. 8; (17) 0-3 c.c. soln. 10; (18) 0-3 c.c. soln. 11; (19) 0-3 c.c. control; (20) 0-3 c.c. soln. 1-: 
(21) 0-3 C.C. soln. 12 c; (22) 0-2 c.c. soln. 13; (23) 0-3 c.c. soln. 13 c; (24) 0-3 c.c. ”■ 
(25) 0-3 O.O. soln. 14 c; (20) 0-3 c.c. soln. 3; (27) 0-3 c.c. soln. 3e; (28) 0-3 c.c. sofa. 13 c; 
(29) 0-3 C.C. control. Between injections 21 and 22 the cat was rested for 88 nun. . . sea c 
in mm. Hg. Time marker, 6 sec. ' 
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response to 0-3 c.c. of solution 8, and it equates n-eU with that to 0-3 c.c. of 
the control (no. 19), thus showing that treatment of the base with sodium 
thiosulphate has had no effect. No. 17 shows the response to 0-3 c.c. of solu- 
tion 10. It equates with that to 0-3 c.c. of its control solution (no. 19), thus 
showing that the base A is unaffected by nitrite in acid solution. No. 18 shows 
the response to 0;3 c.c. of solution 11; tkis equates with that to the control 
solution (no. 19).' Nos. 20 and 21 show that the response to 0-3 c.c. of solu- 
tion 12 equates with that to 0-3 c.c. of the control (no. 12c). This again demon- 
strates the fadnxe of 'the base A to ben^oylate, and in addition serves as a 
control to solution A,' confirming that the pressor response being recorded is 
solely that of the- base A: The responses nos. 22-29 have been discussed above. 
The results of this experiment show that the base A contains no primary or 
secondary amino-N, and indicate the possible presence of a carbonyl group. . 

A second experiment was designed to confi r m the tertiary nature of any 
basic N in the base A, and to study further the 0 present in the empirical 
formula. "Were the base A a tertiary amine, an amine oxide, if obtained, would 
probably prove to be insoluble in ether. A distinction might be made between , 

and — — 


by the removal of an alkyl group and subsequent benzoylation. “Were the 
excess 0 atoms present in the empirical formula of the oxalate not associated 
with alcohol or water of crystallization, their function had yet to be determined. 
The stability of the base to strong alkali and mineral acid at room tempera- 
ture was therefore studied, and an attempt was made to exclude the presence 
of certain diketones. 

The remaining volumes of the control solutions Co, C6 and Cc'from the 
previous experiment were combined, and formed solution B. 

AQ benzoylations were carried out in the same manner. The solution was 
neutralized to litmus paper, and 0-1 g. NaOH was then added, and dissolved- 
benzoyl chloride was added, 1 drop every 10 min., vigorous shaking being 
maintained. Small amoimts of powdered NaOH were added as required. All 
solutions to be benzoylated were worked up in parallel, and the process was 
continued for 3 hr. The tubes were then warmed in a water-bath at 40“ C for 
20 um. The solutions were spun, the supernatant was decanted, neutralized 
to litmus, spun again, and the supernatant decanted, made alkaline and 
extracted with ether. 


AH ether extractions were carried out as described in the kst experiment The 
combmed ether extracts from each solution were shaken with 10 c.c. 0-7 o/ HCI 

aqueous’ acid solution, after separaW by 
S 90° C. for 10 min. The solutioL wShen 

utrahzed with haOH, and were brought to a volume of 12 c.c. with water 


14—2 
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. Tubes 1-6 were put up at tbe same time, left standing for 76 br., and then 
treated as described below: 

Tube 1. Solution B 1 o.c., water 3 c.c., 60% HjSOj 1 c.o. (10% HtSOj). 

Tube 2. Solution B 1 c.c., water 2 c.c., 60% 2 c.c. (20% H,SO<). 

Tube 3, Solution B 1 c.c., water 1 O.C., 60% HjSPi 3 c.c. (30% H^Oi). 

Tube 4. Solution B 1 aa, water 4 c.a, NaOH solid 0-6 g. (10% NaOH). 

Tube 6. Solution B 1 c.c., water 4 o.c., NaOH solid TO g. (20,% NaOH). 

Tube 6. Solution B 1 o.c., water 4 c.c., NaOH solid 1-6 g. (30% NaOH). 

These solutions were neutralized to cresol red as internal indicator by e a i ion 
H.SO. drop by drop, or of powdered NaOH, in each case with cooling. The volume 
made up to 8 c.c., and the solution made alkaline and extracted with ether, etc , 1 

already described. A control tube (tube Cl) containing 1 c.p. solution B to 
had been added stood throughout this period, and was then made^alkahne and ext 

ether along with the tubes 1-6. ' . , , , nne drop 

Tiibe 7. 1 c.d. solution B was treated with 4 c.c. *^7 
ionc. Ha was added. After standing 62 hr. at room temperature, the solution was n 

benzoylated, and extracted, etc., in the standard way. neutraliicd 

Tube 8. 1 C.C. solution B was treated with 4 c.c. 10 vol. H,Oj solubon w ^ ^ ja tbs 

with AlgCO,. After standing 76 hr., the solution was made alkahne and extracted, etc., m 

T;.c. solution B was treated with 4 c.c. of a dark pink solu^f 
contained 2 drops cone. HSO, . After standing 73 hr., the solution was neutrahxed, made 

and extracted, etc. Some reduction had 

Tubes 10-15 and the corresponding controls CBl and UB2 tv f h 

stand 68 hr., and then worked up. ^ 

Tube 10 1 c.a solution B -rras treated with 1 c.c. 10 ^ KI, , , ^ --a iruter 

SS: H k'l'otrtirB^ ^ - of a satura-tedsoludou 

Tube CBl. 1 c.o. solution B was treated with 1 c.c. 10 /o 

Tube CB2. 1 C.C. solution B was t^t^ with 4 ^ of 8 c.c. They 

These solutions were neutralfted after standing, previously described. Controi 

were then benzoylated and extracted with e during which these solutions 

ether extractions on solution B were made on each of tbe 3 days 

were being prepared — Ca, Cb, Cc. ' + T8kc 

These solutions were now tested for pressor control 

Fig. 7 shows the responses obtained. No. 1 •^'4 ^.c. of solu- 

sofution CB2. ‘No. 2 shows complete of an alkyl 

tion 7. This loss of activity might have been benzoylated, 

group from the N with the production of a secon y jg j^^d 4). No. 3 is 

but a variety of other reactions are P®®®' ® yj ^ent after treatment 

the response to 4 c.c. of solution 10. The base ^ ^ f „etix-ity in 

xvith KI in acid solution. No. 4 shows -“^t^ 

4 c.c. of solution 11. Bromine water ns r gg to 4 c.c. of solution 12, 

the .espoeee to 4 c.c. of OB3. No. 6 , of CB 1 , .nd oo. 9 .hot-e 

,. 7 that to 4 C.C. of solution 13, no. 8 that to 4 o 


no 


the response to 4 c.c 


:.”StS “"si NoVudence of o-*-"'-- 



Fig. 7. the tarings show the responses to the followmg sohrtioiis : (1) 4 c.c. soln. CB2; (2) 4 c-c. 
soIiL 7 : (3)4c.c. soln. 10; (4) 4c.c.Eoln. 11; (5) 4c.c.5oln.CB2; (6) 4c.c. soln. 12;(7) 4c.c. soln. 13; 
(S) 4 c.c. soln. CBl; (9) 4c.c. soln. 15; (10) 3 c.c. soln. Ca; (11) 3 c.c. soln. S; (12) 3 a c. soln. 9; 
(13) 3 C.C. soln. Cc; (14) 3 c.c. soln. 1; (15) 3 c.c. soln. 4; (16) 3 c.c. soln. 2; (17) 3 c.c. soln. 5- 
(IS) 3 C.C. soln. 3; (19) 3 c.c. soln. 8. B.P. scale in nun. Hg. Tim e marker, 5 sec. 

an amine oxide is but one possible explanation of these results. ISo. IS shotvs 
the response to 3 C.c. of Cc, no. 14 that to 3 c.c. of solution 1, no. 15 that to 
3 c.c. of solution 4, no. 16 to 3 c.c. of solution 3, no. 17 to 3 c.c. of solution 5, 
no. 18 to 3 c.c. of solution 3, no. 19 to 3 c.c. of solution 6. The base A is there^ 
fore stable at room temperature for 3 davs to 10 and 20% NaOH or BuSO 
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stable to 30% H 2 SO 4 , but unstable to 30% NaOH. A control saline injection 
of 3 c.c. was without effect on the blood pressure, and the responses to Cc, 
Cb, Cc equated very closely. 

No final interpretation of the chemical nature of the alterations taking place 
in the base A associated with reduction or loss of activity could be made, since 
the reaction products .were not isolated, but any structural formula postulated 
for the base hiust be compatible with these findings. Strong indication has, 
however, been obtained of the tertiary nature of any basic N, and the findings 
are compatible both with the ability of the compound to form an a min e oxide, 
and with the possibility of the presence of an N-alkyl group. The evidence 
would also suggest the presence of a carbonyl gtoup. 

4. The identification of the pressor base , . obtained frohi the fiUr^ of urine 
concentrate treated with basic lead acetate, with the base A 

In order to establish the identity of the similar pressor bases obtaitied first 
by the method of steam distillation, and second from the filtrate after pre- 
cipitating urine concentrate with basic lead acetate, sufficient of the base 
obtained by the second method was isolated for analysis. The oxalate, picrate 
and platinichloride were prepared, and a study was made of the ultra-violet 
absorption spectrum. The method by which the salts were prepared is outlined 
in Scheme III. 

(a) The isolation of this base as the oxalate ' 

108 1. of mine ■vrore concentarated in sii fractions of 18 1. to approximately J vol. The concentrate 
Tvas cooled, and then precipitated with an unfiltered basic lead acetate solution (300 g. lead acetate, 
160 g. litharge, in 1 1. of water), 1 1. of this solution being added to the concentrate from 18 L of 
urine. After the mixture had stood 30— f8 hr. the precipitate was removed by filtration, and the 
filtrate freed from lead by means of H,S. The PbS was filtered off, and the filtrate was recon- 
centrated. The combined final concentrates had a volume of approiimatoly 4 1. This solution vss 
made weakly alkaline to litmus by the addition of 20% NaOH and was then filtered throngh 
kieselguhr. The filtrate was divided into four parts, each of approximately 1 1., and each part 
was extracted focn) times by mecdianic^ shakiiig with 200 c.c. chloroform. All the chloroform 
extrac^ts were csambined, the volume being 3,160 c.c. The cdiloroform, in three fractions each of 
approximately 1 L, was shaken three times with 100 c.c. vol. of 1*0% HCl, all the aqueous ac^ 
extracts from the three chloroform fructions being then combined, boiled, cooled, and nentralir 
to litmus with 10% NaOH. This solution was shaken three times with 3 g. blood charcoal, the 
charcoal being removed by filtration. The 9 g. charcoal were eluted by boiling and stirring with 
300 c.c. 1% HCL The elhate was filtered, cooled and'neutralized with NaOH. After standing to 
allow the preenpitate to flocculate, it was filtered and made alkaline with NaOH, and then 
thoroughly extracted four times with 60 c.o. chloroform. The combined chloroform extracts 
shaken four times with 30 c.c. 1 % HCl. The acid extracts were bpiled, cooled, and made ® 

with NaOH, and were extracted three times with other. The combined ether extracts were s a -cn 
three times with 20 c.c. 0-64% HCL The acid aqueous solution was boiled, cooled, ancl no^ralucd. 

A cjualitative colorimetric test showed absence of the base B in 0-6 c.c. of tto solution o , 

1944]. The solution was made alkaline with NaOH, and was extracted four times wit 

combined ether extracts, volume approximately 100 c.c., were dried for 48 r. over a y us 
NajSO.; the ether was then decanted and was treated with a saturated so ution o ° 
ether. A dense white turbidity resultecL The precipitate was spun down an was e 
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Scheme ITT 

Urine concentrate treated nith basic lead acetate 

FUtrate, fteed of lead -with HjS and filtered 

Filtrate, made alkaline 

Chloroform 

Aqueous add rrith reduction in volume, neutralized 
Blood charcoal adsorption 

Hnted by boiling rvith 1% HCl, made alkaline 
Chloroform 

Aqnep add with reduction in volume, made alkaline 
Ether 

Aqueous add with reduction in volume, made alkaline 
Ether, and dried 

i 

Oxalate gredpitated 


Solved in water, made alkaline 

abs. alcohol Ether 
m-p. 113° C. 


- 2nd 


biimlphite wBsU^ was^g. made alkalin 

phite waahfner Ether, and dried 


' 3r<i bisulphite washing, made alkaline 


Treated with 
oxalic add 
in ether 

Ao precipitate, 
tube washinc. 
Sola. A 


Ether, and dried 

Oxalate predpitated, , , 

very e^U amount. -Di—Jli n- j 

Soln. B ■K«ciyBtalhzed 

from abs. 
alcohol 
m-p. 112° C. 


Reoystallized from ddute alcohol 
m-p. 21S° C. 


Ether, and dried 

1 

Cbralate predpitated 


Mssolved in 10 c.c. B 
made alkaline 

Ether, and dried 

Kcrate predpitateii 

'^^eou^solntibi 

^^do alkalin© 

Ko/ rr ^ther 

^ HCl + chloroplati 
add 


'rete drained, and then H ’ ’^®“y^^llized from 0-6 c c nh i remainini 

-'i ::::: “ . " ” *■ ~ ^ 


208 ■ _ M.F. LOCKETT 

solutions being kept separately. The ether solution iras dried over anhydrous after ths 

last bisulphite treatment. 

The first bisulphite solution was made alkaline with 0-2 g. NaOH, and thoroughly extracted 
with ether, the combined ether extracts being dried over anhydrous NbjSOj. The third biaalphite 
solution was similaily treated. The second bisidphite soluticfc was stoppered and watched: ao 
compound separated. 

After 48 hr. the original ether, and the ether extracts fiom the first and third bisulphite wsshiega, 
were separately precipitated with a saturated solution of oxalic acid in ether. A dense white 
tnrbidi^ formed in the ether extract of the first bisulphite wash, a very faint opalescence formed 
in the ether extract of the third bisulphite wash.' The original ether solution remained clear. These 
solutions were each spun for 1 hr., the ether was decanted, and the tube and any precipitate which 
had formed were washed with ether, and the whole was spim again for 1 hr. The ether was then 
decanted, and the tubes were dried. 

The tube which had held the original ether solution was washed out with 20 c.c. 0-9% NaCl, 
this fo rmin g solution A. The minute amount of precipitate fiem the third bisulphite extraction 
was dissolved in 20 c.c. 0-9 % NaCl, this forming solution B. The precipitate from the ether extrac- 
tion of the first bisulphite .wash was scraped out, its weight heing approximately 60 mg. 20 mg. 
were reciystalliied from absolute alcohol. The melting-point of these crystals, after draining, and 
drying in a high vacuum at room temperature, was 112° C. 


(6) TAe prtparalion of tht picrale and plalintcUoride 

The rest of the precipitate was dissolved in 10 c.c. water, made alkaline with NaOH and extracted 
with ether. The ether was dried for 2 hr. over anhydrous K,CO, and then precipitated with a few 
drops of a saturated solution of picric add in methyl alcohol. The yellow-precipitate wm ^un 
down, and washed with ether. Approximately one-half of the precipitate was reoiystallized m 
dilute alcohol, and after drying in air it melted at 218° C. i 

The rest of the picrate was dissolved in 10 c.o. 1 % NaOH. The solution was thorongUy eitrao 
with ether, and the ether extracts were washed with O-I % NaOH. The ether solution was t en 
shaken with 6 c.o. 6% HCl, the aqueous phafte was separated, gently boiled, cooled, and 
treated with 10 c.o. absolute alcohol and 0-6 c.o. of a ohloroplatinio acid solution. .Orange 
of the platinichloride separated in 48 hr. These were filtered off, washed thoronghly with a co 
and finally with ether, and dried in air. ., 

The original ether which had been washed with bisulphite, dried, predpitatod with 0^®“® * 
and spun, and the ether solutions from the first and third bisulphite washes which had been 
similarly treated, were each shaken with 3 c.o. 6% HCI, the aqueous acid phases bemg gcmy 
bofled and cooled. To each were added 0-3 c.c. of the chloroplatinic add solution and 2 vo . 
alcohol. In no case did crystals of platim'ohloride separate over a period of 3 weeks. 


Solutions of the dried crystals were now prepared, the following weights of 
crystals being each dissolved in 10 c.c. 0'9% NaCl. 1'3 mg. of the 
oxalate, before bisulphite treatment; 1-8 mg, of the oxalate ^ ^ 

bisulphite wash; 2*0 mg. of the picrate prepared from this oxalate; and 0-9 mg. 
of the platinichloride prepared from this picrate. These solutions were, tes 
for pressor activity on a cat, wt. 2-6 kg. and under chlorplose anaest esia. 
restilts are summarized in Table 5 and are illustrated in Fig. 

From these results it was seen that no further purification ° ^ ® ** 

occurred as a result of bisulphite washing of its ether solution an su sequen 
reprecipitation. Tire pressor response to 80 ..g. of tie pjemte equa appro- 
mately niti that to 65pg. of the o-ralate and with that to 270 pg. of the 

platinichloride. 
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Table 5 


Solution 

Oxalate from KaHSOj(l) 
Oxalate before NaHSO, 
Picrate 

Oxalate before ^^aHSOj 
Platinichloride 


VoL 

Wt. of 

Arterial pressure. 

nun. 

injected 

C.C. 

crystals 

Pg- 

A ' 

r 

Base-lino 

Kise 

■ 0-3 

54 

134 

27 

0-4 ■ 

62 

129 

30 

0-5 

100 

127 

32 

0-4 

80 ■ 

126 

29 

0-5 

65 

125' 

33 

3-0 

270 

123 

32 


Solution A described in the text uras inactive in a dose of 5 c.c. 
Solution B was active in a dose of 2 c.c. 



Pig. 8. The tracings show the responses to the following solutions: (a) 0-8 c.c. oxalate after first 
JTaHSOj wash; l6) 0-4 c.c. oxalate before KaHSO, wash; (e) 0-6 c-c, picrate; (d) 0-4 c.c. 
picrate; (e) 0-6 c.c. oxalate before NaHSO, wash; (/) 3-0 c.c. platinichloride. 

(c) Analyses of the oxalate, picrate, and platinichloride 

The oxalate from the first bisulphite treatment, the picrate, and the platini- 
' chloride tvere sent for micro-analysis. The oxalate was dried in a high vacutim 
at room temperature, the picrate in a high vacuum at 100° C. ' 

Oxalate: 3-562 mg. gave 5-890 mg. CO^ and 1-610 mg. HjO. 

4-199 mg. gave 6-950 mg. CO^ and 1-850 mg. HjO. 

3-22 mg. gave 0-171 c.c. hi at T65/21°. 

C 45%, 45-3%; H 5-0%, 4-9%-, N 6-2%. 

These results are in good agreement with those obtained for the oxalate of 
the similar pressor base obtained by the steam distillation process, and which 
showed the same melting-point. The empirical formula is again CgH^NOg. 
Picrate: 3-704 mg. gave 5-800 mg. CO^ and 1-130 mg. HgO. 

3-700 mg. gave 5-820 mg. CO^ and 1-080 mg. HjO. 

2-698 mg. gave 0-420 c.c. N at 765/21°. 

C 42-6%, 43-0%; H 3-4%, 3-25%; N 18-2%. 

Platinichloride: 2-319 mg. gave 1-810 mg. COg and 0-550 mg. HjO and 
p-775 mg. residue. - ' 

2-677 mg. gave 0-127 c.c. N at 769/23°. 

C 21-29%; H 2-637%; Pt 33-44%; hi 5-48%. 






210 ' M. F. LOCKETT- 

The 0 and Pfc percentages agree mth those obtained for the platinichloride 
by the steam process, but the N value by the steam process was lower and the 
H higher. Simultaneous melting-point determinations on this platinichloride, 
the previous platinichloride, and the mixed Salts showed a parallel decom- 
position between 275 and 280° C. 

The results of analysis of a second preparation (30 October 1942) of the 
platinichloride from the oxalate were: 

3- 895 mg. gave 3-180 mg. COo and 1-060 mg. H^O and 1-268 mg. residue. 

C 22-3 % ; H 2-99 % ; Pt 32-29 %. 

The results of analysis of a third preparation (22 February 1943) of the 
platinichloride were.: 

4- 003 mg. gave 0-169 c.c. N at 774/26°. N 4-91 %. 

These H and N figures are in close agreement with those for the platini- 
chloride obtained from the second isolation by the steam distillation route. 

(t?) the ultra-violet absorption spectrum of the hasefro'm the Pb filtrate 

It therefore remained only to study the uItra-v,YioIet absorption spectrum of 
the pressor base isolated from the Pb filtrate. 



Fig. 9. Tho carves show the ultrn-violet absorption of fho base A obtained from decomposition 
of tho oxnlato formed from tho fiitrato of nrine eoncentrato treated with basic lead acotnto. 
Ordinates and abscissae ns in Fig. 5. 


0-7 mg. of the oxalate were dissolved in JOc.o. 0-9% NaCl. This solution 
wnstested for pressor activity on a cat, wt. 3-3 kg. 0-6 c.c. produced a rise in 
pressure of 35 mm. Hg from a base-line of 171 mm. Hg, and the response 
equated roughly with that to 10 /rg. of adrenaline tartrate in 1-0 c.c. 

NaCl. 4-0 c.c. of the oxalate solution were treated with 0-1 g-^ l^aOH, broug t 
to a volume of 5 c.c., and the solution was extracted three 
ether, the combined ether extracts being shaken with 10 c.c. - /o ' ^ 

acid aqueous phase was boiled gently to dispel ether, cooled an roug o 
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volume. Tte ultra-violet absorption spectrum was studied in acid solution, tbe 
solution was then neutralized to litmus by tbe addition of 40% NaOH, and 
tbe spectrum was again examined. Fig. 9 shows tbe results obtained. Tbe base 
isolated from tbe Pb filtrate thus shows an absorption band at 2600 A., as does 
tbe base first isolated by tbe steam distillation route. 

Prom tbe oxalate used for tbe ultra-violet absorption spectra, tbe platini- 
cbloride of 30 October 1942 was prepared. 3-0 mg: of this platinicbloride were 
dissolved in 10 c.c. water and made alkaline with 1-0 c.c. 10% NaOH. This 
solution was thoroughly extracted three times with ether, and the combined 
ether extracts were shaken with 8 c.c. 2% HCl. After tbe ether had been 



Kg. 10. The corves show the oltra-violot absorption of the base A obtained from decomposition 
of the platinichloride. Ordinates and abscissae as in Kg. 6, 

dispelled by. boiling, the solution was cooled, and brought to volume. 4-0 c.c. 
of tbe solution were neutralized to btmus by the addition of 0-2 c.c. 40% 
NaOH. To the remaining 4-0 c.c. of acid solution 0-2 c.c. water were added. 
After the absorption spectrum of the .acid solution had .been photographed, 
the solution was made alkaline by the addition of 0-1 g. NaOH and the spectrum 
again photographed. Control aqueous solutions were also prepared and simi- 
larly examined. The results are shown in Fig. 10. 

The close agreement of the analyses of the oxalates and platinichlorideB the 
melting-point observations, and the ultra-violet absorption spectra, together 
show that the base A isolated from urine by the steam distillation ’process is 
Identical with the similar base found in'the filtrate of urine treated with'basic 
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6. A discussion of the-platinichloride and picrate analyses tn 
, relationship to the findings in § 3 

The analytical results for the picrate and platinichloride, after dryiag at 
high vacuum, correspond closely- with the percentages calculated for a diacidic 
base containing no 0 and having the formula Cjo H„N,: 

Picrate: Found— C 42-6%, 43-0%; H 3-4%, 3-25%; N 18-2%. 

Calc.— 0 42-68%; H3-23%; N 18-06%. 

'Platinichloride: Fomxd—G 21-3%, 22-3%; H 2-64%, 2-99%; Pt 33-4%, 

3^9%; N 6-48%, 4-91%. 

Calc.— C 20-98%; H 2-77%; Pt 34-07%; N 4-9%. 

The results given in § 3 of this paper indicate that the basic N is all of a 
tertiary nature in that the base has been shown to be stable to treatment vith 
sodium hypobromite and nitrous acid, and to resist benzoylation. There vas 
evidence compatible with the theory that the base might form an amine oxide, 
and that an N-alkyl group might be present. The occurrence of an absorption 
band indicates the possibihty of an unsaturated ring; its position at 2600 A. is 
compatible with the hypothesis of a pyridine ring ; the intensification of the ban 
in acid solution woul4 then indicate that the N of the ring is free. The molecular 
weight finding is higher than the calculated value — ^found, 171 ; calculated, 16 
— but the base was not redistilled. The solubilities of the base, its volatility 
in steam, the melting-point of the picrate, platinichloride and aurichloride an ^ 
the faUure of the HgClj. compound to recrystallize are. all compatible with the 
view that the base is 1-nicotine. A determination of N-methyl groups was 
therefore indicated. 


The determination of N-methyl groups in the oxalate of the base A 
A fresh sample of the oxalate was isolated from the Pb filtrate, and 
for the estimation of N-methyl and'b-methyl groups. 6-767 mg. y^ ° 
— OCHb groups, but gave 2-830 mg. Agl corresponding with 5-16% iNOHj. 
One of the two N atoms, therefore, carries a single methyl group. 


6. The isolation of l-nicotine from tobacco, as the picrate, 
and the preparation of the oxalate from the picrate 
For purposes of comparison,'a small quantity of 1-nicotine was isolated fro 
tobacco, as the picrate, and purified by repeated recrystaUization P 
218° C.). From this picrate we^e prepared the oxalate, the ^tartra , 
dl-tartrate, and the platinichloride. Samples of the oxalate, picra , an 
(i-tartrate were sent for analysis : 


Picrate: Found— C 42-58%; H 3-24%; N 18-1%. 

Calc.— C 42-5% ; H 3-23 % ; N 18-06 %. 

Oxalate: Found-C 43-5%, 43-5%; H 5-1%, .'n o.^qo/ 

Calc.- on C,„H„K.2(COOH),. C 49-1 %: H 5-26%, h. 8 19 % (see 


§ 11 ). 
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This oxalate vas prepared in the same manner as the oxalate of the base A, 
being precipitated from a dried ether solution by the addition of anhydrous 
oxalic acid in ether, recrystallized from absolute alcohol, and dried before 
analysis in a high Tacunifl at room temperature. ^ 

Optical rotation : 

0-015767 g. of the oxalate in a vratex solution vreighing 0-315731 g.— 
+0-21'’; +13-22°, 1=0-5 dm. 

This oxalate is discussed in relationship to that of the base A under § 11. 

The report -of the analysis and optical rotation of the d-tartrate is given in 
subsection (6) of the next section. 

7. The isolation of the base A from the lead filtrate for comparison 
' with l-nicoiine 


(a) The pressor activity of the anhydrous oxalate and picrate, and melting-point 
of the picrates 


In order to compare the salts of the base A vdth those of 1-nicotine, 89 1. of 
normal human urine -vrete vrorked up as previously described, as far as the 
final solution of the base in ether before precipitation of the oxalate. This 
ether solution -was dried for 3 days over anhydrous hlsgSOj . One-third of the 
decanted ether solution vas used for the preparation of an anhydrous oxalate 
of the base A; the oxalate uas precipitated by the cautious addition of a 
saturated solution of anhydrous oxabc acid in ether, excess being avoided. 
The precipitate vas spun dovn, thoroughly rvashed on the centrifuge rrith 
ether, and dried in air for Ihr.; 0-15 mg. of these crystals vrere dissolved in 
10 c.c. 0-9 % hfaCl for examination of pressor activity, and the remainder -was 
sent for micro-analysis, the results being pven in § 11 of this paper. The 
remaining tvo-thirds of the dry ether solution of the base A uere precipitated 
vith a solution of picric acid in ether. The precipitate rvas spun down, and 
•was -vrashed four times on the centrifuge rnth ether. The yellorv p'oudery 
residue vras dried in air for 1 hr. 3-3 mg. vrere dissolved in 10 c.c’. 0-9 % NaCl 
this solution being used in the test for pressor activity. One-half of the picrate 
remainder vras recrystaUized from hot -water: the crystals -were filtered off 
after 48 hr., washed with ice cold water, alcohol and ether, and iied in air 
for 1 hr. 0-6 mg. of the recrystaUized picrate was dissolved in 10 c.c. 0-9 y 
A'aa. Samples of each of these picrates were sent to Dr G. 'W'eiler and were 
dried at high-vacuum and room temperature before analysis. ’ 


6. Picrate not recrystaUized: C 42-6%, 43-1%- H 3-1 o/ ' 3.3-0/ 

N 18-60/, 18-1%. 

i . RecrystaUized picrate : C 44 o/^ ; H 3-32 0/^ ; 17-3'o/ 

C 42-580/^-, H 3-32%; 18 06%. 


Ao. 

No. 

Calc, for nicotine .picrate; 
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These picrates were tested for pressor activity in a cat, wt. 3-0 kg., and the 
responses were equated with those to a solution of i-nicotine di-acid tartrate. 
The pressor activity of this sample of Z-nicotine tartrate in terms of its base 
content, was later compared several times with that of Z-nicotine picrate from 
tobacco. 161 ng. Z-nicotine picrate (tobacco) equated with 142 pg. of this acid 
tartrate, the theoretical correspondence being 161 fig. of picrate with 130 /rg. 
of taidrate. The results obtained are shown in' Kg. 11 and Table 6. 



Fig. 11.* The tracinga show the responees to the following solutions: (o) 1 o.c. reorystoUized picrate; 
(b) 0-2 0 . 0 . anhydrotis picrate; (c) 1-0 o.c. anhydrous oxalate; (d) 0-8 c.c. anhydrous oxalate; 
(«) 0-1 0 . 0 . anhydrous picrate; (/) 0’5 o.c. feciystollized picrate; (g) 0‘5 o.c. /-nicotine tartrate; 
^ (h) 0-26 c.c. Z-nicotine tartrate. Time marker, 6 sec. 


Table 6 


VoL 

injected 


Solution injected o.c. 

Anhydrous picrate 0-2 

01 

Recrystallized picrate l-O 

0-6 

Anhydrous picrate 0-1 

Recrystallized picrate 1-0 

Anhydrous picrate 0-2 

Anhydrous oxalate 1'6 

0-8 

Anhydrous picrate 0-1 

Recrystallized picrate 0-6 

1-Nicotine tartrate 0-6 


The responses recorded in the lower 


Wt. of 
crystals 
Mg- 

Arterial pressure, 

A 

mm. Hg 

r , 

Base-line 

Rise 

66 

173 

40 

33 

171 

27 

66 

177 

44 

30 

179 

19 

33 

1/6 

17 

60 

161 

42 

66 

165 

44 

24 

166 

46 ■ 

12 

157 

18 

33 

166 

22 . 

30 

162 

16 

71 

149 

45 


of this table are illustrated in Fig. 11. 


The two picrates are of approximately equal activity. The melting-point of 
the anhydrous picrate after drying for 1 hr. in air was 225 C. 60-66 /zg. of 
these picrates equate with 71 ^g. of the acid tartrate of Z-nicotine. Theoretically 
66 pg. of Z-nicotine picrate should equate with 64 pg. of Z-nicotine acid tartrate 
2HoO. These picrates had, therefore, greater acti'vity than woul be expecte 
for Z-nicotine. 
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The picrates made from uime vrere then stored for 15 days in an evacuated 
desiccator over PjOj. At the end of this period a melting-point determination 
on the anhydrous picrate gave. 217“ C., and on the recrystallized picrate 
218° G. These picrates were therefore again equated with ?-nicotine. The 
l-nicotine used on this occasion was an anhydrous picrate prepared in the same 
manner as the picrate of the base A from the tartrate previously used, and the 
1-nicotine picrate isolated from tobacco. The melting-point determinations are 
given below: 

1-Mcotme picrate (tobacco) 218° C. Anhydrous picrate 217° C. 

1-Nicotine picrate (tobacco) 218° C. Recrystallized picrate 218° C. 

7-Nicotine picrate (tobacco) 217° C. 1-Nicotine picrate from tartrate 217° C. 

. l-Nicotine picrate (tobacco) 218° G. Mixed l-nicotine picrate (tobacco) and 

anhydrous picrate 2l7° C. 

l-Nicotjne picrate (tobacco) 217° C. Mixed l-nicotine picrate (tobacco) and 
. - ' recrystallized picrate 216° C. 

The following solutions were then prepared, and were tested for pressor 
activity in a cat weighing 1-6 kg. ; (1) l-nicotine picrate (from tartrate) 1-03 mg., 
(2) l-nicotine picrate' (tobacco) 2-75 mg., (3) anhydrous picrate (from urine) 
1-Ojmg., each dissolvedjin 10 c.c. 0-9% Na(3. The results areshown in Table 7. 


TiBin 7 



VoL 

tVt. of 

Arterial pre&snre, 

mm. Hg 


injected 

cij-Btals 

, 


Solution 

c.c. 

PS- 

Ba8e-line 

Rise 

O 

0-2 

54 

118 

10 


0-3^ 

71 

118 

23 

0 

0^ 

lOS 

118 

26 

3 ■ 

0-73 

75 

114 

16 

• 

1-0 

100 

117 

23 


0-8 

so 

117 

IS 

2 

0-3 

71 

115 

19 

3 

0-S 

60 

IIS 

19 

2 

0-3 

71 

113 

15 


0-3 

71 

115 

18 

3 

0-6 

60 

117 

6 


0-7 

70 

116 

10 


0-S 

80 

116 

14- 

1 

l-O 

103 

117 

19 

3 

1-0 

100 

117 

.21 


These picrates equated fairly nearly in pressor activity— 71 fig. of tobacco 
picrate equates with 80;xg. of the anhydrous picrate; and 100 ntr of tobacco 
mote active than 103 ^g- of the picrate made from the 
tartrate The picrates from the base A were again stored in a vacuum to dis 
cover whether farther change would occur. After 16 days there had be 
altmtio. i,. ae melfeig-pou.,,. Tt, f.Uoring soi„ti2 * “ “ 

(2) (from «rm.) 1-4 ng., (3) Mcofee p J,, (6„ Jf.rJSi 
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2-4 mg., each dissolved in 10 c.c. 0‘9% NaCl. The results are summarized in 
Table 8 and illustrated in Kg. 12. After further treatment in a vacuum for 
^ weeks the anhydrous picrate still equated with Z-iricotine picrate, and -there 
was no alteration in the melting-point. 


Table 8 



Vol. 

■ Wt. of 

Arterial pressure, 

mm. 


injected 

crystals 

* ' 


Solution 

"c.c. 

t^- 

Base-line 

Eise 

2 

0-8 

•112 

139 

49 

3 

0-6 

120 

140 

48 

1 

OS 

115 

138 

48 


0-25 

■ 67-5 

136 

22 

3 

0-25 

60 

132 

28 

I 

0-25 

67-6 

130 

30 

2 

0-4 

56 

130 

28 
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f' b c d e f g 

r 

Fig. 12. The tracings show the responses to the following solntions: (a) 0-8 c.c. soln. 2; (i) 0-5 c.e. 
soln. 3; (c) OS c.c. soln. 1; (d) 0-25 c.c. soln. 1; (e) 0-25 c.c. soln. 3; (f) 0-25 c.c. soln. 1; 
(g) 0-4 C.C. soln. 2. Time marker, 5 sec. 


( 6 ) The optical activity of the ^-tartrates 

To confirm the identity of these vacuum-treated picrates with the picrate 
of Z-nicotine, 133 1. of urine were worked up as previously described for the 
isolation of the base A from the Pb filtrate, as far as the final ether solution 
before precipitation of the oxalate. 'The ether solution was dried for 8 days 
over anhydrous. Na 2 S 04 and one-half was then treated with a few drops of a 
saturated solution of d-tartaric acid in ethyl alcohol. The precipitate forming 
was spun down, and recrystallized from 70% alcohol. The crystals formiug 
were washed with ice-cold alcohol, then with ether, and dried in a vacuum at 
room temperature, over soda lime. 

The d-tartrate of Z-nicotine was similarly prepared, by e.ytracting the 
Z-nicotine from an alkaline solution of the oxalate with ether, drying the ether, 
and precipitating, recrystallizing, and drying as described abo\e. 
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Samples of these two salts were sent for micro-analpis and determination 
of optical activity. 

Acid tartrate of the base A. Ko, 14, 10 June 1943 
4-179 me. save 6-740 mg. COo and 2'240 mg. HjO; C 44%, H 5-9%. 

Calc, on CioHi4l^2.2C4H606.2H.O-, C 43-8%, H 6-0%. 

Optical rotation: 0-010692 g. in 0-311566 g. solution (water): 

+0-36°, [a] 2 ?'= +21-2°, 1=0-5 dm. 


Acid tartrate of nicotine. ISo. 17, 22 September 1943 
4-485 mg. gave 7-160 mg. COj and 2-420 mg. H 2 O C 43-5%, 43-45%; 

4-334 mg. gave 6-910 mg. CO^ and 2-380 mg. HjO H 5-85%, 6-1%. 

Optical rotation: 0-020108 g. in 0-421808 g. solution (water): 

a^“= +0-54°, [a]F= +21-6°, 1=0-6 dm. 

These tartrates were now tested for pressor activity on a cat, wt. 1-3 kg. 
160 /xg. of the tartrate of the base A gave a rise in blood pressure of 57 mm. 
Hg from a base-line of 70 mm. Hg. 165 ^g. of i-nicotine tartrate gave a rise 
of 64 mm. Hg from a base-line of 69 mm. Hg. 


(c) The meliing-fointa of the flatinichhrides of \-7iicoiine and of the base A from 
urine 

The preparation of the platinichloride used for these determinations is 
described in § 4 of this paper. The sample used was analysed: found Is 4-91 % ; 
calc, for l-nicotine 4-9%. A comparison was made of the melting-points of 
i-nicotine platinichloride, the platinichloride of the base A, and a mixture of 
these two compounds, the observations being made simultaneously, since the 
melting-points, were not sharp, were accompanied by decomposition, and 
varied with the rate of heating. The three decomposed similarly between 279 ' 
and 282° C. 

The base isolated &om nrine, as the oxalate and the picrate, had a higher 
pressor activity than i-nicotine. By simply submitting the picrate to drying 
in a vacuum over P^Osi the activity fell to equal that of 1-nicotine and was not 
further altered hy prolonged drying. The analyses of the picrate after drying 
in a high vacuum are in good agreement with those calculated for Z-nicotine 
picrate, and the mixed melting-points of the picrates after vacuum treatment 
confirm the identity of the vaeuxun-treated picrate of the base A with Z-nicotine 
The optical activity of the d-tartrate of the base A corresponds with that of 
the d-tartrate of 1-nicotine, and the mixed melting-points of the platinichlorides 
again confirm the identity of the less active form of the base A with l-nicotine 
The experiments reported so far, whilst clearly demonstrating the relation- 
sWp of a pressor base found in human nrine, to l-nicotine, do not show whether 
this base may be of physiological significance, because the urine was coUected 
from male convalescent patients at a hospital annex where smoking was allowed 
PH. cm. 

15 
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within restricted, hours. A search for this base was therefore made in the niinc 
of female surgical patients, who were confined to bed in wards where smoking 
was not permitted, and also in the urine of dogs. ' - 

8 . Tlie presence of the base A in the urine of non-smokers 
(a) Preliminary experiment iridicating the presence of the base A 

27 1. of the women’s urine were worked by the Pb precipitation method, and 
the procedure followed was that previously described for the isolation of the 
oxalate of the base A from the filtrate. On the addition of a solution anhydrous 
oxahc acid in ether to the dried ether which would contain the base A if 
present, the typical generalized white turbidity was seen. The precipitate was 
spun down, washed with ether, dried, and ^dissolved in 30 c.c. 0-9 % NaCl. 

This solution was tested for pressor activity on a cat, wt. 2-3 kg., and 
prepared as before described. The pressor response obtained was equated with 
that to a solution of Z-nicotine acid tartrate in 0-9 % NaCl, containing 120pg./c.c. 
The results are summarized in Table 9. 


Table 9 


Solution, 

Vol. 

injected 

c.c. 

Arterial pressure, 

f 

Base-line 

mm. Hg 

Bise 

Urine oxalate 

1-5 

102 

44 

l-Nicotine acid tartrate 

1-5 

159 

42 

Urine oxalate 

1-0 

164 

33 

hNicotine acid tartrate 

10 

168 

35 


( 6 ) The isolation of the base A as oxalate and picrate 

126 1. of mine from the same source were collected in the course of 6 days. 
This urine contained a considerable amount of blood. It was worked up by 
the method previously described for the isolation of the oxalate of the base A 
from the filtrate of urine concentrate treated with basic lend acetate. A low 
yield of oxalate, 7 mg., was obtained. This oxalate after recrystallization from 
alcohol and drying in air, had m.p. 96° C. After drying in a high vacuum at • 
room temperature, the m.p. was 107° C. 

1-0 mg. of the oxalate was dissolved in 20 c.c. 0’9% NaCl and was teste 
for pressor activity (see Table 10). The remainder was converted to the picrate, 
which was recrystaUized from hot water. These crystals after drydng in a high 
vacuum at 40° C. had m.p. 217° C. ; that of Z-nicotine picrate was 218 C. and 
that of a mixture, 217° C. 

(c) A control experiment to confirm the finding of small quantities of the base A 
in the urine of non-smokers n 

The yield of oxalate obtained in the prerdous experiment was lower than 
that to be expected from a similar volume of the urine of the male patient.s 
who were permitted to smoke. 10 1. of the women s urine containing no ooc 
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were again worked ky tke Pb filtrate process as far as tbe final etber solution. 
This ether solution was shaken three times with 10 c.c. 0-66% HCl, the com- 
bined aqueous-acid extracts were gently boiled, and were neutralized with 
ivaOH to a volume of 30-1 c.c. forming solution A. 

The solution of the oxalate obtained under § 8 (b) and solution A were tested 
for pressor activity on a cat, wt. 3-0 kg. The results are recorded in Table 10. 



VdL 

Tabwe 10 

Wt. of 

( 

Arterial pressure, mitu 

Solution 

inject cd 
c.c. 

crystals 

Mg- 

Base-line 

Else 

A 

30 

— 

160 

43 

Oxalate 

0-9 

45 

137 

23 

1-2 

60 

141 

37 


The ultra-violet absorption spectrum of solution A showed the presence of a 
band at 2600 A.. 

From these results it will he seen that approximately 1 cat pressor dose of 
the base A, i.e. the amount giving a rise in pressure of the order of 40 mm. Hg, 
was obtained from each litre of this urine. The yield, although a Uttle higher 
than that of the two preceding experiments, is stdi lower than that obtained 
from the men’s urine by the same route, which yielded 3 cat pressor doses for 
each litre of urine. From the men’s urine by the steam route 3-4 cat pressor 
doses were obtained from each litre, a dose having roughly the same activity as 
40 fig. /-nicotine oxalate. In order finally to identify this pressor base from the 
urine of non-smokers with /-nicotine, the picrate was isolated and analysed, 
melting-point determinations were made, the pressor response to the picrate 
was equated in cat with that to /-nicotine, and the ultra-violet absorption of 
the two bases were compared. 

((/) The isolation from the urine of non-smokers of the base A, and its identification 
inth 1-nicotine 


(a) Isolation as the picrate, and analysis. In the course of 2 weeks 139 1. of 
women’s urine from the same source were collected. The method of workino- 
up this urine followed closely that described for the isolation of the oxalate of 
the base A from the filtrate of urine concentrate treated with basic lead acetate 
described above, as far as the final ether solution before the precipitation of 
the oxalate. The ether solution was dried for 3 days over anhydrous Na,SO 
The ether was decanted, and treated with a solution of picric acid in 4her' 
The precipitate which formed was spun down, and washed.twice on the cen- 
trifuge with ether. 5 mg. of this picrate were reserved as picrate A: its m u 
jas 210” C., and it left a small ash. The rest of the picrate was reorystallixed 

yield of this picrate, B, was approximately 

h hr. the meltmg-pomt determinations on picrate B gave /-nicotine picrate 
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217-218° 0., picrate B, 217° C., mixed m.p. 216° C. Samples of both picrates 
were sent for analysis. 

a: 3-161 mg. gave 3-740 mg. CO^, 0-760 mg. Hj.0, 0-627 mg. residue, 

B. 1-148 mg. gave 1-830 mg. COj, 0-320 mg. HjO, no residue, 

3-791 mg. gave 0-681 c.c. N at 767/21°. 

Tims we have for: Picrate B, found, C 43-68%; H 3-1%; N lr9/o, 
l-nicotine picrate, calc., C 42-68%; H 3-23%; N 18-06%. 

(;8) The picrate of the hose A, equated with l-nicotine picrate. _ The following 
solutions were prepared. 0-48 mg. picrate A, 0-6 mg. picrate B, -and 1 65 mg. 
Z-nicotine picrate, each dissolved in 10 c.c. 0-9 % NaCl, and an unlmown weig 
of picrate A dissolved in 20 c.c. 0-9 % NaCl. The pressor activities o t eM 
solutions were compared in a cat, wt. 2-65 kg., and the results are sumiuanr 
in Table 11. Picrate B had the same activity as Z-nicotine picrate. 3-0 c.c. o 
the second picrate A solution had approximately the same activity as p? 
of Z-nicotine picrate. 


Tabu: 11 


Solution 
Picrate A 
Z-Nicotine picrate 
Picrate A 
Picrate B 
Z-Nicotine picrate 
Cat decerebrated 
Picrate A, 2nd solution 
Z-Nicotine picrate 


Vol. 

injected 

c.c. 

3-3 

1-0 

3-3 

1-0 bf 3-3 
3-0 

6 0 of 1 in 3-3 
dilution 


Wt. of 
crystals 

168 

165 

158 

165 

166 


300 


Arterial pressure, mm. Hg 


Base-line 

133 

130 

127 

125 

127 

54 

69 


Rise 

30 

42 

36 

45 

45 

117 

112 


(y) Comparison of lie allra-oiolet absorption spectra of li'/bMe 

bass A. InZdsr to oomp«. the nltte-violet .beorption spectrum ot to 
from urine with that of Z-nicotine, ihe following proce me was p 
9-0 c.c. Of the second solution of picrate A were rieated 
and were thoroughly extracted three times wiA ether. e e ‘ ^ 

washed with an aqueous solution of 1% NaOH, the ether bemg then 

""“fa C.C. dilution of a solution of Z-nicotine picrate, 1-65 mg. 

in 10 C.C., were similarly treated. 100-90° C. 

These solutions were freed of ether by warnmg g.g c.c. of each 

for 15 min. and were then brought to a ® alkaline to 

solution were cautiously treated with powdered , ^itra- 

litmus. Control solutions were similarly ^^the urine- of non- 

violet absorption spectra of Z-nicotme and e results are shown 

smokers rrer. .omp.red iu elk.liu. 1-0 cm. 

in Fig. 13, and nrc in very close agreement. T b ,.„is„,|„e, is 

There is therefore no doubt that the ^-"rt' nitr to smote, 

present in the urine of patients rrho have had no opportun y 
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all the nicotine they might have previously absorbed, a search for the base A 
was made in the urine of hitches. 

The bitches used were under the care of Mr E. B. Vemey who carried ont 
aU the catheterizations, and a dmini strations of water by stomach tube, 
described in these experiments. ' . , . 

Seven bitches were put into metabolism cages at 6 p.m., 10 May 1943. At 
about 6-30 p.m. each was taken out in turn and was fed in a neighbouring 
kennel, the meal given being 4 oz. of biscuits and a bowl of kitchen scrap, 
except for one small bitch which was given scrap only. Immediately after the 
meal they were returned to their metabolism cages, in each of which there 
was always a pot of water. 

11 May 1943. At 11 a.m. each dog (except the small animal referred to 
above) was catheterized in turn 4nd the bladder contents were added to the 
metabolism cage collections. The dogs were then let out on the roof of the 
building for an hour, during which period the metabolism cages were cleaned. 
They were then, with the exception of the small animal, each given 260 or 
300 c.c. of water by stomach tube and were immediately returned to their 
metabolism cages. They were fed in the same manner as on the preceding day, 
but at 4.30 p.m. 

12 May 1943. The procedure followed that for the preceding day. 

13 May 1943. The dogs (except the one small animal) were catheterized as 
before, but were each given 260 c.c. of water by stomach tube imme^ate y 
after catheterization; they were not returned to the metabolism cages. 


(a) Isolation qf the oxalate 

The urine collected from the 7 dogs was pooled each morning (the 
and sp. gr. are given in Table 12), and was precipitated with 60 c.o. unffltered 
basic lead acetate solution per litre of urine. The urine so treated was Mtoec 
after standing 20-26 hr., and the filtrate was freed of lead by means ot Ho • 


Date 

10- 11. r. 43 

11- 12. V. 43 

12- 13. r. 43 


Table 12 

Urine 

' Vol. C.C. Sp. gr. 
1000 1030 

3150 1016 

3200 1015 


The combined Pb-free filtrates were concentrated to a find volume of 
and, after cooling, the concentrate was filtered by suction through knesclgu^ 
The concentrate was then made Alkaline, and worked 

scheme given in § 4 of this paper, as far as the first prec.p.tation of the oxala c 
before rfcrystauLation. On L addition of the 

acid in ether, the typical white f 0.g\ NaCI. 1-5 c.c of 

dotrn, washed with ether, and was dissohed m 2 • • / 
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this solution Tv^hen injected into a cat, 3-0 kg., produced a rise, of blood- 
pressure of 34 mm. Hg &om a base-line of 149 mm. Hg, thus equating rougUy 
■svith a rise in blood pressure of 36 mm. Hg from a base-lin^ of 146 n^. Hg 
which was produced by the injection 'of 70 pg. Z-nicotine picrate. The colori- 
metric test for the base B was negative on 0-5 c.c. of -this base A solution from 
dog urine. 

(6) Preliminary study of the ultra-violet absorption spectrum 

In order to study the ultra-violet spectrum of this pressor base, 10 c.c. of 
the solution used above for the test of pressor activity -were made alkaline 
with 0-1 g. NaOH, and were thoroughly extracted with^ether. The ether 
extracts were shaken with 5 c.c. 0'66% HCl. The ether was gently boiled out 
of the aqueous acid solution which was cooled, neutralized with HaOH, and 
brought to a volume of 6 c.c. An ultra-violet absorption spectrum of this 
solution showed .a band at approximately 2600 A-, the peak of the band being 
at d 0-6. The cell length was 1 cm. 


(c) Preparation of the picrate 

The solution used for the ultra-violet absorption spectrum was added to the 
residual amount, 9-8 c.c. of the original solution, 0-1 g. NaOH was added and 
the solution extracted with ether. The ether extracts were dried for 8 days 
over anhydrous ^32804. The ether was decanted and treated with a few drops 
of a saturated solution of picric acid in alcohoL A generalized tiirbidity 
appeared, which spun down to a very small volume of precipitate. This was 
washed well with ether, and then recrystallized in a small tube from alcohol- 
ether mixture; the crystals formed slowly. They were spun down as far as 
possible, and the supernatant decanted. The crystals were washed twice with 
ether, and dried in a high vacuum at room temperature over PjOsi their m.p. 
was 217° C. The available amount of the crystals was too small for accurate 
weighing, but approximately 140-145 pg. were dissolved in 7 c.c. 0-9% hlaCl, 
and the solution was tested for pressor activity on a cat, wt. 2-5 kg. 6-0 c.c. 
of this solution of the picrate from dog urine produced a rise of blood pressure 
of 33 mm. Hg from a base-line of 129 mm. Hg, and contained approximately 
120-125 fig. of the picrate. In this cat 165 /ig. Z-nicotine picrate produced a 
rise of blood pressure of 44 mm. Hg from a base-line of 128 mm. Hg. The 
response obtained was therefore of the same order as that to Z-nicotine picrate. 


10. A repeat isolation of (he base A from dog urine for comparison ' - 

icith \-7iicoiine 

In order to compare the pressor activity of this base from dog urine witl 
that of Z-nicotine the following experiment was carried out. The do<Js wprt 
agam mder the care of Hr E. B. Yemey, who carried out the catheterfratiom 
and admmistrations of water by stomach, tube. Six bitches were used anc 
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tlie procedure was essentially the same as for the previous collection of dog 
urine, but catheterization and administration of- water were restricted to 
those animals which had not emptied their bladders during the 24 hr. preceding 
their hour on the roof. The urine collection began at 3 p.m. on 30 August 1943 
and ended at 12 noon on 4 September 1943, and the daily volumes etc. are 
given in Table 13. 

. Table 13 



Time 


Vol. basic lead 


A 

f 



acetate soln. 

Date 

VoL O.C. 

Sp. gr. 

added, c.c. 

30-31. viii. 43 

2680 

1014 

160 

- 1. is. 43 

2690 

1012 

160 

- 2. ix. 43 

1416 

1032 

120 

- 3. ix. 43 

1640 

1028 

160 

- 4. ii. 43 

2080 

1022 

160 


(a) Isolation of the oxalate 

The urine collected during the preceding 24 hr. was pooled, and was pre- 
cipitated with a basic lead acetate solution similar to that described in the last 
experiment. After standing 24 hr. the precipitate was filtered off, and the 
filtrate was freed of Pb by means of H^S. The Pb-free filtrates were then 
concentrated to a final volume of 2*1 1. This Pb-free concentrate was then 
worked up according to the method given in § 4 of this paper, as far as the 
first ether extraction; the base was passed backjfrom ether solution into 
20c.c. 0-64% HCl, the ether was gently boiled out of the aqueous phase, 
which was cooled and neutrahzed with NaOH to a volume of 23 o.o. 

(a) A ‘preliminary comparison of pressor activity and ultra-violet absorption 
of the base A and l-nicotine. The -solution was tested for pressor activity on a 
cat, wt. 2-1 kg., and the activity was compared with that of a control solution 
of Z-riicotine hydrochloride. This was prepared by ether extraction of 46 c.c. 
of an alkaline solution of Z-nicotine d-acid tartrate-2HaO containing appro.^ 
mately 12 mg./lOO c.c. The ether extracts were shaken with 6 c.c. 0-64% H , 
the ether being gently boiled out of the acid solution which was neutra ize 
with NaOH to a volume of 6-3 c.c. The results obtained are shown m Table 1 . 


Table 14 



Vol. 

Arterial pressure. 

mm. 

Solution 

injected 

c.c. 

A 

t 

Base-line 

Bise 

From dog urine 

01 

0-3 

134 

134 

7 

14 

Nicotine control 

0-.6 

0-2 

133 

129 

29 

20 


From these results it may be seen that 0-2 

had a pressor acri^^ty of the same order as l^ad 0 5 -^ ^ 

from dog urine. For companson of the ultra-molet ^ j p.^o/ 

.olutiora, 0-6 O.C, of the dog orine-eolution ™s diluted to 3 3 c.c. /. 
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KaCI, and 04 c.c. of tte nicotine control solution -svas diluted to 6-6 c.c. ^th 
0-9% XaCL The ultra-violet absorption spectra of these dilutions were photo- 
graphed using a 2 cm. cell, and 0-9% KaQ as the control solution. The dilution 
from dog urine shoived a band at appro3dmatelj- 2600 A., the peak of the band 
being at d 0-5. The nicotine control solution showed a similar band, the peak 
being at d 04. 

The remaining solution from dog urine was made alkaline by the addition 
of 2 c.c. 10% hTaOH, and was extracted thoroughly with ether. The ether 
, extracts', volume approximately 40 c.c., were dried over anhydrous iSa^O^ 
for 3 days; the ether solution was decanted, and was treated with a solution 
of anhydrous oxalic acid in ether. The precipitate was spun down, was washed 
on the centrifuge with ether, and was dissolved in 10 c.c. of distilled water. 

(b) The preparation of solutions of the hydrochloride of the base A and ofl-nicotine, 
shoicing similar absorption in the ultra-violet, for determination of their 
pressor activity 

To 2-0 c.c. of the oxalate solution, whose formation has just been described, 
were added 4-5 c.c. water and 0-5 c.c. 10% ISaOH. This solution was thoroughly 
extracted with ether, and the ether extracts were shortly washed with 04 % 
IvaOH, and were then shaken with 6 c.c. 1% HCL The acid aqueous solution 
was &eed of ether by warming in a water-bath, and brought to a volume of 
6-3 c.c. 3 c.c. of this were neutralized with XaOH and brought to a volume 
of 6 c.c.; and 3 c.c. were diluted with 1% HCl to a volume of 6 c.c. 

A nicotine hydrochloride solution was prepared similarly from 1-nicotine 
d-tartrate and contained 15-7 mg. of the acid salt in 20 c.c. .lie final solutions, 
each 10 c.c. in volume, corresponded to 7-85 mg. in 1 % HCl and 7-85 me. in 
0-85 XaCL The ultra-violet absorption spectrum of a 1/10 dilution of the 
neutral solution compared very closely with that of the neutral solution fix»m 
dog urine. The acid solutions ako gave strikingly similar spectra. The results 
are shown iu Fig. 14, the control solutions being 0-85 °/^ XaCl and 1 % HCL 
The two neutral solutions, having identical ultra-violet absorption spectra, 
were then compared as to pressor activi^ in a cat, wt. 1-3 kg. The results are 
illustrated in Fig. 15. The two solutions equated weU. 

The experiments described in §§ 9 and 10 of this paper show that the base A, 
isolated as 1-nicotine, occurs also in the urine of bitches, and in an amount 
comparable with that found in the urine &om male patients who were per- 
mitted to smoke. About 3 cat pressor doses per litre of urine &om either source 
were obtained. 
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1-0 
0-9 
0-8 
0-7 
0*6 
0*5 
0*4 
0-3 
0-2 
0-1 
0 

Fig. 14. (a) The ultra-violet absorption curves given by jf-nicotine in add and neutral solntion. 
(6) The corresponding curves given by the base A obtained from dog nnne. Ordinates an 
absdssae as in Fig. 5. 





Fig. ir>. The tracings show the response to the 

solution, (b) 3 c.c. of the solution of the base A from dog u , 
spectra of which are illustrated in Fig. 14 a, b respectively. 
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11. A discussion of the ozalate oj iJie base A 
The oxalate analyses of the base A from, nrine cotxespond to a fotmnla of 
The percentages fonnd are: 

C 45-26, 44-1, 45-6.44-9,44-8,45, 45-3; 

H 5-64, 0-54, 5-4, 5-1, 5-3, 5-0, 4-9; 

6-9, 6-8, 6-3, 6-1, 6-4, 6-2. 

In order to exclude the possible presence of either rrater or alcohol of 
crystallization the anhydrous oxalate -was isqjated from the filtrate as described • 
in § 7. The final ether solution of the base n-as dried for 4 days over three 
changes of anhydrons hiaoSO^, and rras then precipitated by the cautions 
addition of a saturated solution of anhydrous oxalic acid in ether. The pre- 
cipitate vras spun dovm, the supernatant ether was decanted, the precipitate 
was washed three times on the centrifuge with ether, and dried in air. This 
precipitate was sent for analysis: 

3-951 mg. gave 6-715 mg. CO, and 2-120 mg. H,0. 

2-850 mg. gave 0-158 c.c. X at 764/24°. 

C 46-34%; H 5-97 %; X 6-38%. 

This analysis corresponds with a formula of CitHjjX.Ou. The high C, H 
and 0 values cannot therefore be associated with the presence of alcohol or. 
water of crystallization. 1-5 mg; of this oxalate were dissolved in 10 c.c. 0-9% 
XaCl, and were compared in pressor activity with a solution of /-nicotine 
d/-acid tartrate, and with the picrate, anhydrous and recrystaHized, obtained 
at the same time (see p. 214). The results are recorded in Table 6. 24 pg. of 
this oxalate roughly equated with 66 pg. of the picrate and 71 pg. of the 
/-nicotine acid tartrate 2H,0. This oxalate was therefore remarkablv active. 
Were the pressor activity due to the /-nicotine content of these crystals, 71 pg. 
of /-nicotine acid tartrate 2 BljO would be expected to equate with 87 p<T. of 
/-nicotine picrate and 63 pg. of /-nicotine oxalate prepared bv this method. 

Some of the recrystaUized oxalate of the base A dried in a high vacuum at 
room temperature and prepared for the determination of X-methyl groups 

6) was used to estimate the oxalic content of this oxalate, by precipitation ' 
of the oxalic acid as the Ca salt, washin g once with water, and titratmg in acid 
sointion with 0-01 X EAInO^. The procedure followed that, described bv 
Kolthoff & Fnrman (1929) : 

7 mg. of the oxalate were fonnd to contain 3-712 mg. oxahc acid =53 »/ 
oxalic acid. - 


2-2 mg. of the oxalate were fonnd to contain 1-158 mg. oxalic acid= 5^-fi o/ 
oxalic add. . 


0-5 c.c. of a sointion of ciyst. oxalic acid— 2H,0, 0-7 g./oO c.c. was for 
to contain 5-07 mg. oxalic acid. ' 

These results correspond to a formula of Gu-isH^,-X,0,-^(C00H),. ' 



228 


M. F. LOGKEIT ^ 

The oxalate of Z-niootine was therefore prepared by the sauie method of 
precipitation, recrystallized from alcohol and dried in a high vacuum at room 
temperature (§ 6) : 

8-2 mg. were found to contain 6-2 mg. oxalic acid = 63-6%. 

4'2 mg. were found to contain 2-5 mg. oxalic acid = 60 %. 

0*6 c.c. of a solution of oxalic acid, similar to that previously described, was 
foup.d to contain 4-96 mg. oxalic acid. 

The calculated oxalic acid content based on a formula of C 10 H 2 JN 2 • 3(COOH)2 
for the oxalate of Z-nicotine prepared by this method is 63%. 

A sample of this nicotine oxalate w&s sent for analysis. 

Found: 3-616 mg. gave 6-770 mg. COj and 1-660 mg. HgO. 

3-910 mg. gave 6-270 mg. CO 2 and 1-800 mg. HjO. 

3-368 mg. gave 0-176 c.c. N at 760/26°. 

C 43-6 %, 43-6 % ; H 6-1 %, 6-14 % ; N 6-99 %. 

The percentages calculated on CiqHi 4N2.3(C00H)2 are: C 44-4, H 4-6, N 6-6. 
The figures are in poor agreement. A rough assay was therefore made of the 
Z-nicotine content of this oxalate. The oxalate was equated in solution with 
Z-nicotine picrate and Z-nicotine (Z-acid tartrate 2 H 2 O, in a cat, wt. 1-3 kg. 
The solutions were prepared as follows : (A) 1-0 m‘g. Z-nicotine picrate, (B) 2-2 mg. 
Z-nicotine d-acid tartrate 2 H 2 O, (C) 5-7 mg. Z-nicotine oxalate (as described 
above), each being dissolved in 10 c.c. 0-9 % NaCl. The results are given in 
Table 16. 



Vol. 

Table 15 

Wt. of 

Arterial pressure. 

mm. Hg 


injected 

CITBtals 

A 

t 

Kise 

Solntion 

c.c. 

f‘8- 

Base-line 

B 

0-7 

154 

75 

63 


0-04 

119 

66 

39 “ 


o-es 

143 

07 

62 


0-75 

105 

64. 

65 


0-75 

105 

62 

04 

A 

2-0 

200 

60 

68 

B 

0-76 

105 

01 

70 

B 

0-76 

165 

03 

62 

C 

0-3 

171 

58 

06 

B 

0-85 

isr - 

69 

62 

C 

0-275 

166 

65 

61 

C 

0-3 

171 

58 

03 

C 

0-275 

156 

02 

62 


200 ^g. of Z-nicotine picrate are theoretically equivalent to 162 /^g. of the 
tartrate. 165 ^tg. of the tartrate were found to be approximately equivalent 
to 200 pg. of the picrate. 

166 pg. of the oxalate were found to be approximately equivalent to 187 pg- 
of the tartrate, the Z-nicotine content of the latter beihg 61 pg. If 61 pg. of 
Z-niqotine be assumed present in 156pg. of the oxalate, the oxah'c acid content o 

the molecule is approximately 66%, confirming the chemical go 63 /q. 
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TMs ^-nicotine oxalate vras therefore recrjxtallized from dilute alcohol, and 
'svas dried in a high vacuum at room temperature. Be-estimation of the oxalic 
acid content novr gave 4:6-3%. Some of this lecrystallized oxalate vras sent 
for analvEis. The compound was again dried in a high vacuum at room tem- 
perature before the determinations were-made; 

3- 973 mg. gave 6-475 mg. CO^ and 1-8S0 mg. HjO. 

4- 373 mg. gave 7-165 mg. CO, and 1-940 mg. HjO. 

2-960 mg. gave 0-195 c.c. X at 757/23" . 

2-927 mg. gave 0-1S7 c.c. X at 761/21°. 

C 43-4%. 44-6%; S 5-6%, 4-9%; X 7-56%, 7-45%. 

The percentages calculated on 2(0003), .23,0 are C 44-5, 3 5-84, 

X 7-4. It therefore seems probable that under the conditions of the precipitation 
and recrystallization from absolute alcohol, used throughout for the preparation 
of the oxalate of the base A, an atypical oxalate of hnicotine is obtained, and 
that ftomthis atypical oxalate the typical oxalate C^qHijX,. 2(0003),. 23,0 
is obtained by recrystaZZization firom aqueous aZcoZioI. It is likely tZiat the 
oxalate of the base A is also atypical, or that it may be a mixture of the typical 
and the atypical type of oxalate. 


12. Discussion of the discrepancies arising if the originalform of the base A 
is <0 be considered 'as l-nkoiine 


Although these results may in part be the explanation of the analrtical 
findings on the oxalate of the base A, they do not explain the very high pressor 
activity of some samples of this oxalate, notably that of the anhvdrons oxalate 
described above. In another experiment already recorded (p. 209) 54 /ig. of the 
lecrystallized oxalate were fonnd to equate with 60 pg. of the picrate which 
had been prepared from the oxalate, and recrystaHized from dilnte alcobol. 
The melting-point of the picrate was 218° C. [nicotine picrate 218° C.]. The 
analyses of this oxalate corresponded tolerahlv -well with the formula 
CioHj,X,.3(COOB),-. 


Found: C 45-0%, 45-3%; H 5-0%, 4-9%; X 6-2%. 
Calc.: C44-4% ; 3 4-65% ;X6-o%. 


SOpg, of Z-nicotine picrate should theoretically equate with 56 pee. of the 
oxalate CioB„X„.3(C003)j, this agreeing well with the expenmentalfindimr 
viz. 54 Mg. of the oxalate. 

Moreover, abnormally high activity has aho been found in an anhvdrons 
and m a recrystallized picrate (see p. 214): and by the simple procedure of 
these two picrates m a high vacuum at room temperature the activitv 
M to equate accurately with that of Z-uicotine picrate. and the analvtical 
figure after such drymg corresponded very closely tvith the calculated rS^ts 
for Z-mcotme picrate. 3 this increased activity be due to a second pressor 



230 


M. F. LOCKETT 

compound, it can be present only in minute traces, and having, therefore, 
extreme activity; it woidd not then be expected to recrystallize in a constant 
proportion with 1-nicotine picrate; it would also have to be a highly volatile 
compound. It therefore seems possible that the original form of the base A 
is not 1-nicotine, but is closely related to 1-nicotine, is more active than 
1-nicotine, and is unstable. 

No further useful attempt can be made to discuss this more active form of 
the base A until other investigations have been completed, but experiments 
in which 1-nicotine dl-acid tartrate was added to urine concentrate are of 
interest at this stage. When moderate amounts of 1-nicotine tartrate were 
added to urine concentrate, and the treated concentrate was worted updn 
parallel with the imtreated concentrate, all the 1-nicotine was apparently 
precipitated by the basic lead acetate.' Only when large amounts of 1-nicotine 
tartrate were added, was a small proportion found to be present in the final 
solution. These experiipents are therefore briefly reported below. They again 
suggest the possibility that the actual form in which the base A is excreted 
differs from 1-nicotine. 

13. The precipitation of l-nicotine by basic lead jicetate, 
and its adsorption by lead sulphide ■ 

(1) Urine concentrate, vol. 1600 c.c., corresponding to 18 1. of mine from 
male convalescent patients, was divided into six fractions of 250 c.c. To each 
of three of these fractions 5 mg. l-nicotine tartrate were added in 10 c.c. water. 
Each fraction was treated with 76 c.c. basic lead acetate solution, and after 
having been stirred was left to stand 48 hr. Those treated with nicotine were 
labelled N, and the control concentrates were labelled M. and Aj , 

A 2 , ilfg and Ag were worked up separately but simultaneously. The concen- 
trates were worked up exactly in the maimer described for the isolation of the 
base A from the lead filtrate, given in § 4, as far as the first ether extraction. 
These ether solutions were shaken with 10 c.c. 0-64% HCl, the ether was 
removed from the acid aqueous phase by gentle boiling, and after cooling, 
O'l g. NaOH was added. The solutions were neutralized with HCl, and were 
bfought to’ volume. These solutions were tested for pressor activity on a cat, 
wt. 3-0 kg. The results are recorded in Table 16, and show that the pressor 
actiidty of the final solutions from the 1-nicotine-treated concentrate were not 
greater than those of the untreated concentrate. 

(2) In order to demonstrate the absence of factors limiting the amount of 
l-nicotine which could reach the terminal solutions, this e.xperiment was 
repeated, using 10 mg. of l-nicotine tartrate. Control final e.vtractions and 
elutions were performed at each step. The results obtained were similar fo 
those of the preceding experiment, and the control solutions sheued no loss 
of pressor acti\-ity at tiny stage. 
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TAiLE 16 



Vol. 

Arterial pressure, 

mm. Hg 


injected 

A 

/ 

^ 

Solution , 

o.c. 

Base-line 

Kise 

3/, 

0-1 

173 

11 


0-1 

172 

15 

j4 

0-1 

169 

20 

jV, 

0-1 

168 

19 

M, 

01 

167 

22 


0-1 

164 

22 


(3) When, ho-^-ever, much larger ■ quantities of 7-nicotine tartrate were 
added, a little of the nicotine reached the final solution. IVhen 54 mg. /-nicotine 
tartrate "were added to concentrate corresponding to 6*6 1. of unne, untreated 
concentrate from a further 6-6 1. of urine being worked up in parallel, with full 
controls to exclude losses at each stage, an increase of pressor activity was 
found in the terminal solution from the Z-nicotine-treated concentrate as com- 
pared with'the untreated concentrate. The increase in activity corresponded 
to one-seventh of the activity of the added nicotine tartrate. The control 
solutions showed a very small loss of pressor activity at one stage only, and 
this only in the case of the Z-nicotine-treated concentrate. Decomposition of 
the basic lead acetate precipitates from the treated and untreated concentrates 
resulted in a strongly pressor solution from the treated concentrate, but no 
pressor activity was found in the solution from the untreated concentrate." 
The pressor activity from the lead precipitate did not, however, accoimt for 
six-sevenths of the Z-nicotine added, but Z-nicotine was shown to be fairly 
strongly adsorbed by freshly precipitated lead sulphide. * 

These results show some discrepancy between ^the behaviour of added 
Z-nicotine and tliat of the base A when submitted to the processes described 
iu § 4 for the isolation of the base A from the lead filtrate of urine concentrate. 

It has also been noted that the ultra-violet absorption band at 2600 A. given 
by the base A, may, in crude solutions, shew very little intensification in acid 
solution. No explanation can be given at the present time of the minute 
insoluble crystals which separated from a solution of the oxalate of the base A 
and which are described in § 1 ; and the indication, obtained in § 3, of the 
possible presence of a carbonyl group in the original form of the base A has 
not yet been confirmed. Any valid discussion of these findings must await the 
results of further investigation. 

Summary . 


1. A pressor base, the base A, has been isolated from the urine of humans 
and of bitches. It is identified in final form as Z-nicotine. 

2. Certain discrepancies are recorded, which suggest that tHs base mav be 

more active than Z-nicotine. • ^ 

3. Approxunately 3 cat pressor doses of the base A (a dose being the amount 
producmg a rise m blood pressure of the order of 40 mm. Eg in the cUoralosed 
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cat) were obtained per 1 1. of the urine of male patients and of bitches. Only 
one such dose was obtained per 1 1. of tbe urine of female surgical patients. 

4. An interesting oxalate of Z-nicotine is described. 

AH microann.1yse3, and determinations of optical activity and molecular Tveiglit were earned 
out by Dr G. Weiler, Oxford. 

It 'is a pleasure to record my indebtedness to Dr D. B. Parsons for permission to collect urine 
from patients in Addenbrooke’s Hospital, and to the Sisters in charge of the Examination Hill 
Hospital Extension and of Hatton, Victoria, and Mnsgrave Wards for their w illing co-operation 
and assistance. 
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further observations on the effects 

OF ALLOXAN ON THE PANCREA^irSSI 

Bt J. SHAW DUNN, E. DUEF?, M. K. GILMOTTR 
X KIRKPATRICK and N. G. B. McLETCHIE ' 
rom the Pathological Department of the University 

Western Infirmary, Glasgow ^ 

{Deceived 13 January 1944) 

In the accounts which have been at t . , . 

Dunn, Kiikpatrick, McLetchie & Teller S 43 ] of the^ 1“" & Sheehan, 1943; 

pancreatic islets after intravenous injection of luo-^^n 

out that this lesion came to light only because of was pointed 

12^ hr. of certain oftheanimaksoJatedTa?^>^^ “expected deaths at 

deaths were preceded by hypoglycaezma and that such 

con^io^ as had been observed by Jacobs SuT: T ^7 

fatal results were usnaUy relatively large 20oifin i' ^ 

It was known, from experiments done prior to finrl' but 

similar deaths might occur, though rareK aftert^^ 'll®* 

c^e 25 mg./kg. On the other hand, aomerabbifa hT ^ 

48 hr. doses of 300 and even 500 mg /kg dven^^'^ s“vived for more than 
r^hzed from ordinary observation^at day, without it being- 

phase. As the pancreas was not examined in these through a critical 

^lete was not ascertained, nor was any alteration oS^ ‘"‘"''dition of the 
Once the lesion of the islets had been found ir^ ^^°od sugar suspected 
formation should be obtained as to the condiE’'"? *^at further 

P ogenesis, and it has been possible to carry ont^ ®®®iinreilce and its 
^ “1 ^ew. These experiments have combftS ^ with 

a^als and estimations of blood sugar with the 

Siz"— ' 

u any, o7 smaller doses. 

The TaKi,;fc. j Experiments 


y witn rare lapses due 


16 
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Benedip^^^^ of supply. The output of urine was measured; in testing for sugar 
■w„ meaod S J H ; ™ “““'“‘O V ‘1“ » >«' 

' ‘T”®' ““I* P*"™-. “l"*- 

with HeUps fom Tz t pancreas tile beet resnlta were obtained 

IZ cf hZr '*‘“'’“"5' the. at 

ZiwSoo »™f-a«tion are both nndeeirabl. .nJ 

mar rendZu f P'*’*’ ““ pancreas of different rabbits 

may render it difficult to avoid either of these. 

eosin anr) bsen Mayers acid haemalum and eosin, methylene-blne 

[Wanen. 1938] as foTows:^^ Hensley’s fuchsin-aniline-blue-orange method 


1* Acid fachflin 
Aniline oil 
Distilled water 

2 . Wash rapidly in distiUed water 

3. 1 % phosphomolybdio acid 

4* Stain for ^1 hr. or more in: 

Soluble blue 
Orange G 
Oxalic acid 
Distilled water 

5. Differentiate in methvlated spirit 

6. Dehydrate and mount 

* Or S c.o. glacial acetic acid. 

Stege 4 should be continued until the acinar tissue is blue and only the 

o ^^11 corpuscles are sttongly red. Differentiation renders normal 

p-cells blue to low-power examination. 

The special feature of this method which has been reHed upon for the present 
wor , is its strong selective staining hf a-cells in orange-red or red. This is so 
stmctive, even in acutely damaged islets, that cells not so stained can 
c early be placed in another category and we have reckoned the latter as 
p cells. In hve-fixed tissue the stainable material in the a-cells may only rarely 
appear as distinct granules. The method renders the granules of normal J3-celb 
^ ue or blue-violet, but so far this result has not been obtained with certainty 
m acutely damaged cells, which tend to take the orange.. 


20 g. 

5 0 . 0 . 
100 0 . 0 . 


0-5 g. 

2-0 g. 

■2-Og* 
100 0 . 0 . 


10 min. 
10 min. 

2-4 min. 


(1) Effects of single large doses of alloxan. Exps. 1-9 
The pancreas was examined in nine rabbits after single large doses of alloxan 
alone. During the first few hours these animals were quiet and inclined to be 
stationary, but were quite strong when handled and some would eat cabbage 
or carrot. No. 6 developed hypoglycaemic convulsions at hr. and no. 7 at 
61 hr. and had to be resuscitated by glucose per os. Fig. 1 shows the movements 
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of blood sugar in nos. 4-9 for 4-6^ br. After the last recorded reading, gluwse 
was given by stomach tubedo all except no. 5 in order to prevent death from 
hvpoglycaemia during the night; and this ^ras successful except m no 6 
No. 6, vhich received no glucose, appeared perfectly normal until it was killed 



Time in hows 


Fig. 1. 

at 24 hr. Nos. 4, 6 and 8 bad been given water only on the day before injection; 
the others were fed normally. Nos. 4 and 6, which were starved, had com- 
paratively shght initial rises of blood sugar and developed hypoglycaemia 
early: no. 8 had a high initial rise but was hypoglycaemic at 6 hr. Against this. 



Alloxan 



Xo. 

log.ikg. 

Result 

State of islets 

I 

300 

Killed at 9 hr. 

A'ecrosis in all 

2 

300 

Killed at 12 hr. 

Xecrosis in all ' . . 

3 

300 

Died at 18 hr. 

Xecrosis in all - 

4 

300 

Died at 33 hr. 

Xecrosis in all 

5 

300 

Killed at 24 hr. 

Xecrosis in all 

G 

200 

Died at 16 hr. * 

Xecrosis in all 

7 

200 

Glycosuria : killed at 25 days 

Almost complete disappearance 

S 

9 

200 

200 

Glycosuria : died at 10 days 

Glycosuria 20 days; kilTed at 60 days 

Almost complete disappearance 
Loss of some islets and dis- 




organization of others irith 


regeneration 

no. 7, which was fed normally, had no initial rise of blood sugar and developed 
hj-poglycaemic contmlsions at 64 hr. Other significant data are given in 
Table 1. In four other rabbits which had doses of 200'mg./kg. there was 
glycosuria continuing for IS days up to at least 3 months. From these results 
It appears justifiable to conclude that destruction of islet cells, which may be ' 

■ 16—2 
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very extensive or almost complete, always results from intravenous injection 
of at least 200 mg./kg. of alloxan, but unless bypoglycaemic comnilsions 
develop it is possible to bave little indication from general observation that 
an animal is ^l. 

The histological appearances of damaged islet cells in the acute stages, of 
such experiments from 9 hr. onwards are those of coagulatiye necrosis and 
have already been described. By the modified Bensley method the majonty 
of the necrosed cells stain pale orange, though fine blue granules are sonietinies 
seen in them. They are evidently j8-cells and these appear to be universall}’ 
affected, though it would be impossible to say that no cell of this type survives 
in any islet. The strongly eosinophile cells which may 'be observed in many 
islets, usually at the periphery, stain characteristically as a-ceUs. Many of 
these exhibit the features of live cells with normal nuclei but with swollen 
bodies packed with the specific granules. Some identifiable a-cells are obviously 
necrosed with shrunken pyknotic nuclei so that their immunity to the action 
of the agent is not absolute but relative. 


r 

(2) Early stages of development of the islet lesio>is, 

Exps. 10-16 

Six rabbits received 300 mg.'/kg. of alloxan intravenously and were killed 
for examination at lf-6 hr. The movements of blood sugar in five of these are 
showm in Fig. 2. in the accounts of these experiments only the state of the 
islets is described. In all cases the acinar tissue of the pancreas was normal, hu 
eosinophile material of colloid appearance was sometimes seen m the smo er 
ducts. The thyroids and suprarenals showed no changes. i • i f 

Exp. 10. Wt. 1900 g., killed at IJ hr. On low-power examination the is e « 
had an open cribriform appearance in excess of anything seen normally : wi 
the high power this was confirmed in that the ceU ribbons were separated Irom 
one another by a space, fuUy the ^vidth of a cell: scanty fine basophile particle 
were frequently present in this space, (PI. 1, fig. 4). AVith haeinalum an cos 
the cell bodies were of normal appearance, but in the majority of the cen 
ceUs, no doubt all ^S-cells, the nuclei were definitely hyperchromatic thou h 
retaining their normal size and outline and the appearance of a reticulum. 
With Bensley’s stain the a-cells, which normally are relatively scanty an m 
be from 0 to 8 in any islet section, were of normal appearance and a 
nuclei. The ^-cells showed no depletion of blue-stained materia m 

cytoplasm but distinct granules were not identified. 

Exp. 11. Wt. 1900 g" killed et 11 hi. The Mete .lio«-e<i Ie«s degrees of the 
changes seen in Exp. 10: hyperchromnsia of nuclei sroe less and affecte cw 

“exp. 12. Wt. 1940 g., killed at 2 hi. The appe.iance. in the islets nere as 
in Exp. 10 and not more advanced. 
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Esp. 13. Wt. 2000 g., kiUed at 3 In. The islets showed well-marked changes: 
hyperchiomasi'a of nuclei in the central cells was intense, sometimes obliter- 
ating the appearance of a reticulum, hut there was no karyorrhexfe. The 
cytoplasm of these cells stained more homogeneously with eosin than at the 
earlier stages or in normal cells. In addition, some cells were dislocated from 
attachment to their fellows, and while some of these retained their quadrate 



or polygonal shape a few had become rounded off and had paler stamed 
cytoplasm. The strongly eosinophile a-cells were quite unusually prominent 
most being peripheral but some central in the islets. In the majority of the 
oc-ce^ the nuclei were normal, but in a few, with swollen rounded bodies the 
nuclei were sh^en and pyknotic. Beasley’s stain gave much more definitive 
appearances. The brightly stained a-cells were .swollen to twice their normal 
sme or more, and had usuaUy become rounded in shape Thev annelid 
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nLber w of an islet. The appearance of increase in 

^ber was difficult to account for except by the actual increase in size: no 

tendeTtr" «ta5ned heavily and 

dislnonf ^ of the orange; granules could not be seen. Some of the 

^ocated cells had a washed-out appearance' with^ some granular substance 
aining, but it could not be decided that this was specific granulation. 

^ . j ' . S-i billed at 3 hr. 40 min. The islet changes were of the 

me tod as m Exp. 13 but less severe. In the majority of the cells the nuclei 
were yperchromatic but with recognizable reticulum: there was no karyo- 
, ^ ^ cells were dislocated. The cytoplasm of the ^-ceUs stained 

r more ombgeneously than normally and only a few had a washed-out 
p^earance. With Bensley s stain the a-cells were not enlarged or conspicuous, 
xp. 15. Wt. 2000 g., hilled at 6 hr. The ;8-ceUs here, as in Exp. 13, showed 
nuclear hyperchromasia and homogeneous staining of their cytoplasm 
mth loss of texture suggesting early necrosis. Only a few cells were dislocated 
• , g. 6). By Bensley s stain the a-ceUs were enlarged and rounded as in 
xp. 13, but they appeared only shghtly increased in number. None of the 
a-cells had hyperchromatic nuclei nor were mitoses seen in them. 


(3) Hffects of smaller doses. Exps. 16-24 
The dose given to these animals was 60 mg./kg., and this appeared to 
ave little or no effect on their well-being, as they moved about and’ fed 
norrnally afterwards. The movements of blood sugar in nos. 16-23 are shown 
m Fig. 3. The initial rise was not very high in any animal and no hypoglycaemic 
phase was noted. In nos. 18, 19 and 21 the blood-sugar level remained un- 
altered throughout. Nos. 16-20 were hilled af 24 hr.; nos. 21-24 at 48 hr. 
No. 24 had a second dose at 24 hr. 

, Exp. 16. Wt. 3000 g., diet ordinary. Sugar was present in the mine next 
morning. Killed at 24 hr. Though apparently in perfect health and eating full 
rations, this animal was formd to have an early infection of pseudo-tuber- 
culosis in the lymphoid tissue of the intestine. All the islets were marhedly 
changed. In almost all there was an interrupted ring of swollen, brightly 
eosinophile cells at the periphery with sometimes a few centrally. These were 
identifiable as a-ceUs by Bensley’s stain. In the centres the /5-celIs were 
almost aU rounded off and slightly swollen: their nuclei were pyknotic, yet 
few showed karyorrhexis or karyolysis: their bodies generally stained pale 
with eosin and in some the stainable substance appeared washed-out (Pi. 1, 
fig. 6). With Bensley’s stain fine granules could^ be identified in the /?-cells, 
usually numerous, but in some, corresponding to those described ns washed 
out, they were verj' scanty, giving the cell bodies an empty appearance. 

Exp. 17. M t. 2300 g., water onlv was given for 24 hr. before injection. The 
blood sugar rose to 230 mg./lOO c.c. at 41 hr. Glucose 5 g./kg. was given I)y 
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stomacli tube at « and at hr. There rras slight glrcosuria in the morning. 
Killed at 2-1 hr. AE the islets showed changes oi the same land as in hsp. 1 , 

though somewhat less in degree, ■ _ _ , _ 

Exp 18. IVt. 1350 g., received water only for 24:111. before injection, inere 
was no rise of blood sugar at 2 or at 4 hr., and no glrcosuria appeared. Kdled 
at 24 hr. llaur of the islets here retained normal appearances. ' It was only on 
systematic examination with the high power that any changes were recognired. 
These affected only about a tenth of the islets and were restricted to dislocation 
and Tonnding off of a few ^-ceds with a washed-ont appearance in some of these. 



Time m homs 
ng.3. 


Exp, 19. Wt, 1500 g., ordinary diet. There was no rise of blood sugar at 
2 or at 4 hr. Killed at 24 hr. The islets appeared practically normal One or 
two hypeichromatic nuclei were seen in a few, but it could not be decided that 
this constituted a definite abnormality. 

Exp. 20. Tht. 1150 g., water only was given for 24 hr. before injection. The 
blood sugar rose to 165 mg./lOO c.c. at 2 hr. Glucose 3 g./kg. was given. bv 
stomach tube at 64 hr. and 2 g-hg. at 114 hr. Sugar was present in the urine 
next morning and the blood sugar was 320 mg./lOO c.c. ELSUed at 24 hr. Bonin 
fixation only was available. The majority of the islets appeared normal hut 
in a few there was a washed-out appearance of some of the central cells. 

Exp. 21. IVt. 1600 g., water only was given for 24 hr. before injection. The 
blood sugar rose from 99 to 147 mg./lOO c.c. at 2 hr. Ko glycosuria. Killed 
at 48 hr. The majority of the islets appeared quite normal even on close 
inspection, but in one or two there was a group of about a dozen washed-ont 
and crumpled cells with pyknotic nuclei in the centre. Similar appearances 
affecting fewer cells could he recognized in other islets. There was only a slight 
degree of swelling and prominence of oc-cells in some islets. 
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Exp. 22. Wt. 1600 g., ordinary diet. There was no rise of blood sugar at 
2 hr. Killed at 48 hr. The islets generally appeared normal but on close 
examination with the high power one or two dislocated cells with shrunken 
bodies and pyknotic nuclei were seen in a few of them. No mitoses were found. 

Exp. 23. AVt. 1160 g., ordinary diet. The blood sugar rose from 98 to 
170’mg./100 c.c. at -1 hr. and remained at about that level for 6| hr., falling to 
110 mg. at 10 hr. Next morning it was 120 mg. The animal was killed at 48 hi. 
On. low-power examination the islets were notably altered, the majority eiiig 
reduced in size and having very irregular ill-defined outlines (PI. 1, g- )• 
With the high power it was clear that this deformation had resulte rom 
collapse of the centres of the islets due to slirinkage or disappearance of ce , 
rvhilst groups of well-preserved cells at the periphery had been pushed mw 
In the centres the remaining cells were variable in appearance: some s ow 
shrunken pyknotic nuclei and greatly shrunken bodies: a few were necr ^ 
with karyorrhexis or karyolysis: others showed a washed-out appeam 
their cytoplasm. The majority of the well-preserved periphera ce 
a-cells and these had swollen eosinophUe bodies which took the ‘’’'"’’Se- 
stain by Bensley’s method. .Mitoses were seen in peripheral cells “ ! 

but rarely more than one in any islet (PL 1, %• 8): the category of 
cells could not be determined as their cytoplasm was bloated and lactang 

^E\p. 24. Wt. 2300 g., full diet with carrots. Doses of 60 rag./kg. gi'jn on 

first' and second days: there was practically no rise of blood sugar ate tbj 
first dose. KiUed 48 lir. after first dose. With low power most islete app^^^^^ 
normal but the high power revealed vanous degrees '"f 
one-fifth: the commonest change was dislocation J J 

their nuclei were hyperchromatic and the cytoplasm had a J ^ , 

ance (PI. 1, fig. 9). In one or two islets there was defimte necros of a ce 

mass of cells. The a-cells in damaged islets were 4ts 

minent. No mitoses were found on careful searc ei er i o 

or in the more normal ones. 

Discussion 

The results of the first nine experiments, and of four ° cause 

that intravenous doses of alloxan of at ?’ • j, developing most 

severe damage to the islets of Langerhans. ^ gome pass into hypo- 

animals are somewhat depressed and mi^ »» ’ glucose is 

glycaemic convulsions after 4-24 hr.: den i for n rabbit to survive 

administered [cf. Jacobs. 1937]. It is j*" j^ole ofits islets and witl.out 

a dose of 200 mg./kg. for 24 hr. with necrosis m ^ 

showing very definite outward signs o i . J j important tissue was 

Imrdly have been e.xpeeted where such a '’P^ effeet even of 

concerned, helps to account for the apparent capneo 
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large doses of alloxan; it may also liave some significance in relation to tlie 
possible occurrence of acute damage of the islets from any cause in the human 

subject. . 

It has already been shown that with large doses of the above order the islet 
cells exhibit the features of coagulative necrosis at nine hours, and the view 
that by that time they are dead is confirmed by the progress of nucleolysis in 
animals examined at later periods. In Exps. 10—15 the doses were 300 mg./kg., 
and it is considered certain that frank necrosis would have been recognizable 
in the islets had the animals been allowed to live for 9 hr, or longer. Histo- 
logical examination revealed certain changes from 1^ hr, onwards; the earliest 
and most definite was hyperchromasia of ^-cell nuclei, which preceded any 
recognizable cytoplasmic change. The hyperchromasia was increased in 
intensity at 3 and at 5 hr. and was then associated with altered gaining of the 
cytoplasm and with dislocation of some cells. It is impossible to teU by 
histological examination the earliest stage at which cells are dead, but it seems 
probable that death had occurred in some cells at 3 hr. when they were 
separating from their attachments; it may, of course, have occurred earlier. 

. The opening up of channels between the cell ribbons (PL 1. figs. 4, 5) at these 
early stages cannot be interpreted with certainty. Some degree of this may be 
seen at times in normal islets, though usually the ribbons are closely packed 
together. Here the condition appeared to be iu' excess of normal and the, 
spaces contained scanty granular debris suggesting that they had had some 
fluid content. The appearance is thought to be compatible with a temporary 
increase in functional activity of the islets which might be in operation im- 
mediately after dosage. 

From observation of the general behaviour only of rabbits which received 


50 mg,/kg. of alloxan (Exps, 16-24), it would not have been suspected that 
any serious internal lesion had occurred. Examination of the pancreas in these 
animals gave variable results. In one (no. 19) all the islets appeared normal; 
in four, nos. 18 and 20 killed at 24 hr., and nos. 21 and 22 kDled at 48 hr., the 
majority were normal and only slight changes were present in the remaining 
few; these comprised nuclear pyknosis and depletion of cytoplasmic substance 
in some cells, resulting in a wa.shed-out appearance by ordinary staining. The 
focal distribution of these slight lesions, notable also in Exp. 24, may possibly 
be related to the state of activity of individual islets during the period when 
the agent was having effect. In contrast with these sHght changes, there were 
quite pronouncell alterations in the islets in nos. 16 and 17, examink at 24 hr 
and m no. 23 examined at 48 hr. In these the /?-cells were much changed- thev 
were rarely frankly necrotic but their outlines were rounded off and’theh 
nuclei hj-perc^omatic, while the granular substance in their cytoplasm was 
much depleted, llith the special stam great diminution of the fine ^granules 
was notable in many cells. By 48 hr. most of these cefi, had shSSed m 
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collapsed, taking up little space, so that the islets were small with deformed 
outlines. These cellular changes were markedly in contrast with those of 
coagulative necrosis and karyolysis seen at the same periods after large doses, 
and as they had taken so long to develop it appeared to he a reasonable inter- 
pretation that while essentially necrobiotic in character, they were the result 
of overactivity and exhatistion of the cells after stimulation, rather than of a 
directly lethal toxic effect. 

A further interesting and highly suggestive feature in the histological 
appearances in the islets is the differential effect on a- and ^-ceUs. It had 
already been noted that in islets necrosed after large doses any surviving cells 
were situated marginally, and that their bodies were strongly eosinophile. It 
is now confirmed by special staining that these are a-cells and that their 
bodies are enlarged to two or three times normal, with evident increase in 
amount of the specific granule substance. This change may be well estabhshe 
3 hr. after a large dose and is also quite pronounced 24 hr. after a smaller dose 
wherever the ^-cells are much altered. With this change, which appears to 
an active and progressive one, the majority of the a-ceUs have the appearMce 
of living ceUs, but some are necrosed. It seems likely that this strikmg ^ 6r 
ence in their behaviour is significant of some considerable difference m t e 
respective functions of a- and ^-ceUs, which by this method may become 

ficcessible to investigation. • , 

Although the movements of the blood sugar were observed only over tn 
first few hours, a correlation of them with histological changes pro^des 
interesting features. In eleven animals which received large dosM (rigs. , 
there was a rise of blood sugar in 2 hr. to 230-440 mg./lOO c.c. in seven, an 
to 130-166 mg. in three, two of which had been starved for 24 
only, no. 7, which was fed normaUy, the blood sugar did not nse to 100 “g-/ 
100 c.c., but in this animal the initial reading- was unusually low and byp - 
glycaemia set in rapidly. After doses of 60 mg./kg. the blood sugar rose m 
only five out of eight and the elevation was less than with the large oses. 
these five, three were thPse with weU-marked changes m the J^lets. 

From these observations it may be concluded that a definite im la 
blood sugar after aUoxan probably indicates that damage of islets is g’ 

Absence of a rise may mean that damage is slight or ml, but may a o 
even if this is severe. Jacobs, in referring to the transient hyperg yea 
not conclud, that it ,.3 a .pooific effect of aUoaen. The 

may be erident in 4 hi. appear, to be a co.»tant and .pec.fic efcc ff the do.e 

of alloxan is sufficient. Jacob, observed it invana ? 'ti ° ^ ° 

and np^ards, and tv. can eonlirn. this from ad 

sufficient and suitable examination was made It inll 

glycaemia was obser^-ed after doses of 50 mg./kg. ( xp . 
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Summary 

1. I'lom observations on fonrteen rabbits it has been confirmed that single 
intravenous doses of alloxan of at least 200' mg./kg. 'always cause serious 
damage of the islets of Langerbans, though there may, during the first day, be 
little outward indication of serious illness. After these large doses defimte histo^ 
logical changes can be recognized in the islets after about an honr, and these 
may be very pronounced at 3 hr. when some ^-cells appear to be necrosed. 

2. With doses of 60 mg./kg. the jS-cells sometimes show degranulation, but 
httle necrosis, at 24 hr. ; the appearances are consistent with abnormal increase 
of function. After these smaller doses islet changes may be only slight and focal 
in distribution. 

3. a-cells are less prone to the necrobiotic changes than ^-ceUs and, from 
early stages, may be enlarged with apparent increase of granules when the 
^-cells are necrosed or exhausted : this observation suggests some difference 
in function of the two types of cell. 

4. A temporary hyperglycaemia almost always occurs in the first 2 hr. 
where there is any damage to the islets. 

We acknowledge with thanks the support given to this work by grants from the Rankin Medical 
Research Fund of the University of Glasgow and from the Medical Research Council. We have 
been indebted to Mr Wm. Carson for technical assistance with special reference to the specific 
granule sUuning. 
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EXPLANATION OF PLATE 1 

Fig. 4. Eip. 10. Hyperchromaaia of nuclei and opening of spaces between cell ribbons. Dose 
300 mg./kg. : time IJ hr. H. and E. x400. 

Fig. 6. Exp. 15. More intense' nuclear hyperchromosia, dislocation of some cells, and spaces 
formed, Bose 300 mg./kg.; time 5 hr. H. and E. x480. ' ^ 

Pig. a. Exp. 16. Rounding off of ^-cells with nuclear hyperchromaaia and pale staining of ovto- 
plasm; washedKjnt appearance in some cells (6). A border of enlarged a-cells above ^th 
normal nuclei and strongly stained bodies (o). Bose 50 mg./kg. ; time 24 hr. H. and E x 480 

Fig. 7 E.vp.23. Collapsed and deformed islet with disappearance of most of the centnd 'fi-cells' 

clumps of large a-cells penpheraUy. Bose 60 mg./kg.: time 48 hr. H. and E. x ^ 

mainly a-cells. Mitosis is seen in a cell at the upper Jge.’ H. and 
Fig. 9. Eip- 24. Nuclear pyknoais and pole ovtonlasmic stjiir,:,,™ ..f a n • , 

with washed-out appearance in some. nSiL cells b up^r ^ 

first and second days: kUled at 48 hr. H. and E. x 280. -tlurda. Bose 50 mg./kg. 
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hyperpnoea in man produced by sudden release 

OF OCCLUDED BLOOD 

By j. N. mills, From The Department of Physiology, University of Oxford 

{Received 4 March 1944) 

gifebn Iiuman subjects in which venous con- 

Sd vLZ ™ f to between arterial 

the removal of the Hyperpnoea often foUowed 

unhJfelv to bp 1 f Lv yperpnoea occurred so promptly that it appeared 

r^e cI.e„o„ % Vd low 0, Snt..l 

seomed woX Ta°-i," '“'’“‘“'J' ““toe. The origin of thie lipepp-oe. 
find the noinf.f th ““'’“togotwn. An attempt was therefore made to 

San sS by ‘be teleaaed blood when hpperpne.. 

Methods 

“ '“boatorp assistant, both aeeustomed 
fee . ^ oipemnents, and a number of male medieal students. All, so 

tar as is known, were in perfect health. 

verfiV '^th a ohest stethograph and an ink writer on a 

vertica drum, normally moving at about 6 mm./sec. The subject lay on a 

cuf^ w the head and shoulders slightly raised, and Eiva-Rocci 

in TO • ^PPbed to one or two limbs at pressure of 60-90 mm. Hg for about 
r,r«= n observer then abruptly removed the’ cuff and simultaneously 
1 ^ signa marker, and the interval which elapsed before the ensuing 

,1 ^ was subsequently measured on the paper. In some e.vperiments 

ma^tude of the initial hyperpnoea was measured by collecting in a small 
® first expirations of the hyperpnoea, timing the collection 
o\er -uo comp ete respiratory cycles, and measuring the volume in a wet gas 

me er. e magmtude of the ventilation was calculated in l./min. reduced to 
S.T.p. dry. 

In order to determine the point in the vascular system reached by the 
re eased blood when hyperpnoea commenced, ether or sodium cyam'de was 
sometimes injected into a vein just distal to the occluding cuff immediately 
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before release. Tbe site of the injection was anaesthetized with procaine to 
avoid respiratory disturbance from tbe pain of tbe injection; nevertbeless, 
wben etber was injected considerable pain was often felt, wbicb sometimes 
prevented tbe injection of tbe intended amount. It appeared that pain was 
aroused by prolonged contact of etber with tbe intima of tbe vein, and it was 
best avoided by a very rapid injection. It was found necessary to inflate tbe 
cuff to over 150 mm. Hg just before tbe injection, since at lower pressures tbe 
subject smelt etber before removal of tbe cuff. Tbe amount of etber used was 
1-8-4 c.c. of a 4 or 8% solution in isotonic saline, different- subjects varying 
in tbe ease with wbicb they could smell it. Tbe moment wben tbe smell was 
perceived was indicated by tbe subject by pressing a signal marker, and a few 
experiments in wbicb this point was not sharp were discarded; apart &om 
these, tbe dosage of etber did not appear to affect tbe latency of tbe response. 
Sodium cyanide was injected in amounts of 0-5-0-7 c.c. of a 2% solution. 

Eobb & Weiss [1933] have demonstrated that a prompt byperpnoea signals 
tbe arrival of cyanide at tbe carotid body. Subjects who could smell it signalled 
- tbe time as with etber. 

Eestjlts 

Thirteen subjects have been tested, and of these, two showed no byperpnoea 
on release of venous occlusion, whilst the other eleven all under some circum- 
stances showed byperpnoea within at most 4*2 sec. Tbe form of tbe respiratory 
tracing in different subjects varied considerably, some taking a series of deep, 
rather slow breaths, others rapid shallow ones, some just taking a single large 
breath, whilst in a few there was a series of rapid, deep breaths. Tbe one 
appearance common to all tbe tracings wbicb showed any change at all was 
a steepening of the inspiratory slope; the stimulus seems in fact to be an 
inspiratory one. Tbe subjective sensations experienced by different subjects at 
tbe onset of tbe byperpnoea included a feeling of constriction in tbe lower chest 
and epigastrium and throbbing in the bead. 

After perhaps 10 sec. tbe byperpnoea may be influenced by tbe chemical 
effect of asphyxial blood. One subject in fact showed a very small initial 
byperpnoea, wbicb after 15 sec. changed into a speU of very rapid br^tbnn^ 
wbicb persisted for 14 or 2 min. ° 


In most experiments congestion was appbed for 10-15 min. ; but in the tbre^ 
subjects who showed tbe best byperpnoeic response tbe macmitude of tbi 
initial byperpnoea, i.e. tbe first two byperpnoeic breaths, was measured afte 
varymg periods of congestion. This showed a very large random variation b 
any one subject, as well as considerable difference between subjects. E 

and 10 6 L,mm. There was no apparent correlation between tbe time for wbic 
congestion was appbed and either tbe latency or tbe mamiitude nf 
prodded .as appUed Jmo 
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the experiment be^an. The laeV f 

of congestion is evidenee no ' ° ^creased effectiveness of long periods 
initial byperpnl stimulus contributing to the 

showed bardty any effect posture'. Two subjects 

but one showed as good a ’ ° jing supine, they sat upright in a chair, 

On one orcasion the ^ -i^«n reclbent. 

with the subject lying on^S^s™?hrr cyanide injection 

uncomfortable neWnrL k nyperpnoeic response was^vigorous, and 

the subject on tr^s t diminished by turning 

after its oriet the bac/o?;!" ^■ 

has also occurred wtion u- ^as raised to 45°. Periodic breathing 

no cyanide was given, ^irh^^! i^ack throughout and when 

persisted oxvaen n ' i, t- i. subsided spontaneously, but if it 

abolished it. The initial raising the back decreased or 

paraesthesia so tli + TPerpnoea was sometimes so vigorous as to produce 
Sassical chei^Il !^ ^ periodicity could be explained on the 

ometof *'"® ‘™« intervals after removal of the cuff until the 

Zle2lr°°“a“‘‘a‘'"’ »f *ie ™ell of ether have bee. 

mTaM sTfeh^S'^m 0,°“ “= «■»" »f ‘k“« 

the smeU by I o” ™seo. ' ' I’" observed that the hjperpnoeo precedes 


TABisn 1. Time in sec. after rcmoWng cuff until hyperpnoea ocoum and ether is smelt. 
(Full description in text.) 

... JJJJU. x.J.il. 

Mean time to hyperpnoea 
Slean time to smell 
Mean difference 

p. . a. aa:,r-.a, ^uJ 1-V ±0 03(0) 

es m parentheses mdicate the number of experiments from which each mean was derived. 


2-2±0-23 (11) 
4-4 ±0-33 (0) 
2-1 ±0-24 (9) 


1- 0 ±0-36 (8) 

2- 9 ±0-37 (7) 
l-7±0-63 (0) 


ethbr^iv assumed, as by Miller [1934], that the time after an 

thp!! I®"! It is smelt represents the vein-lung circulation time; but 
e a systematic error in this assumption representing the reaction 
e ween t e arrival of an adequate ether concentration at the olfactory 
“u t e motor response of the subject, together with an error due to 
effective concentration of ether to pass from the lungs 

o eo uctorj' endings which wdll probably vary with the phase of respiration 

at w ch ether arrives at the lungs. Such errors may be trifling under the 
circumstances in which ether circulation time is usually determined, but may 
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^ell te important vrlien the venous return is suddenly accelerated by release 
of a congesting pressure. An attempt was therefore made to determine their 
magnitude. 

The subject -Rith a nose clip breathed through a mouthpiece and a wide-bore 
two-tvav tap n-hereby he could be suddenly connected to a rube containing 
corton-nool soaked in a saturated solution of ether in normal saline, the whole 
being immersed in a water-bath at 37^ C. and the dead-space being about equal 
' to the respiratory dead-space. It had first been found that ether was much 
more readilv ‘smelt’ if admitted to the mouth than to the nose. On the same 
two subjects, the mean time between turning the tap and the- depression of 
'a key by the subject to indicate that he had smelt ether was 2-57 sec. for 
J2S.4I. and 2-10 sec. for T.J.4L These means are derived from seventeen and 
twenrv-three experiments respectively, in which the rime of tu rn ing of the 
rap was randomly distributed between all phases of respiration. The interval 
was longer if the tap was turned early in expiration, and it appeared that ether 
was not smelt until inspiration commenced. However, in those experiments 
in, which ether was injected, it was sometimes smelt towards the end of 
inspiration. In comparing the rime interval to smelling ether after addition 
to the inspired air or after injection I therefore neglected the respiratory phase, 
assuming in both sets of experiments a random distribution throughout the 
different phases. 

It appears from the figures given that the difference between the time of 
onset of hyperpnoea and the time of smelling of ether in the experiments 
referred to in Table 1 can be more than accounted for by ether diffusion tinie 
and the subject's reaction rime; but a statistical comparison is desirable. The 
‘mean difference' in Table 1, d, is a statistically mote rebable figure than the 
difference between the two means, and this may be compared statisricallv with 
the mean rime interval, i. between the subject's exposure to ether vapour and 
his pressing a key to indicate that he has smelt the ether. The difference between 
these quantities, i-d. is an estimate of the rime elapsing between the arrival 
of blood suddenly released from a limb in the pulmonarv capillaries, and the 
onset of hyperpnoea. Since both figures are means of starisricanv small samples 
the small-sample technique of Fisher [1941], involving a pooled estimate of 
variance, was used. For J.X.iL the mean difference [i-d) was 0-43 sec and 
its limits for different degrees of probability, calculated from Fisher’s Table 
oi t. are shown in Table 2. For the determinations on T J IT the mean of 
U-d) was almost identical, 0-37 sec., but the random error was much greater. 


TiLLX i 


E^rewe valu^ (in of for diferent of pl^babilitv 
. P iliaiical value Jlaimal value 


(HtJ 

0 - 1/2 

0-ul 


-0-tl 

— UoS 

- iKO 


- 1-26 

- 1-13 

vl;oo 
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Apart from the statistically estimable errors there may be a systematic error 
in the above calculations, if the time taken for an effective concentration of 
ether to reach the olfactory- endings is not strictly comparable in the two sets 
of experiments. It appears to be more rapid if ether is injected, since ether 
can be smelt at any phase of respiration, and it may also be accelerated by 
hyperpnoea. Such an error ■would make the estimate of {i-d) too high, or in 
other words would mean that blood had not got as far in the pulmonary circuit 
as the figures indicate when hyperpnoea occurred. It seems in fact that 
hyperpnoea is almost contemporaneous ■with the arrival of ether in the pul- 
monary capdlaries, but it may occur a second or two earher or later. 



Fig. 1. Stethograph record of respiration after release from an arm of blood occluded there and 
containing cyanide. Inspiration downwards. Discontinuous lines are construction lines for , 
measuring the time intervals. 


Cyanide. AVhen cyanide was injected into a vein just distal to the cuff 
immediately before its removal, the hyperpnoea -ivas always diphasic, as 
illustrated in Fig. 1. Sometimes the first hyperpnoea was subsiding before 
the second appeared, as in the instance reproduced, whilst sometimes the 
second phase was a sudden intensification of an original sustained hyperpnoea. 
It appears from comparison with the figures of Robb & Weiss [1933] that the 
second hyperpnoea corresponds to the time of arrival of cyanide at the cheino- 
receptors, and this is further proof that the initial hyperpnoea is not a chemical 
effect of asphyxial blood. Two of the subjects used could smell cyanide, and 
the moment when they smelt it was recorded. Table 3 shows the time intervals 
foimd, and it will be seen that as with ether the initial hyperpnoea precedes 
the smell. In order to determine whether in J.N.JI., who could not smell 
cyanide, the time interval between the two spells of hy-perpnoea appro.\iniatelj 
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Table 3. Interval (in sec.) to hyperpnoea after leleaaing venous occlusion from a limb 
into Tvhose vein cyanide has been injected 




T.J3I. 

A 


^ _A„ — ^ 

1st hyperpnoea 2nd hyperpnoea 

f 

1st hypeipnoea 

Smell 

2nd hyperpnoea 

14 

S-1 

1-7 

4-9 

11-3 

1- 7 

2- 2 

15-3 

14-2 


3-9 

N.C.H.J. 

9'9 

TL i 

11-2 

1-7 

5-0 

9-7 

J4I H.B. 

20 12-9 

24 

6-3 

11-0 


represented the time taken for blood to pass from lungs to carotid body, a few 
determinations were made of the combined ether-cyanide circulation time 
without venous occlusion. The mean interval between smell of ether, and 
hyperpnoea was 6-3 ±0-53 sec. (s.e. of mean of five observations). Since, in 
experiments in which ether is mjected into an occluded vein before release, 
tbe smeU corresponds to a time about 2 sec. later than the hyperpnoea, it will 
be seen that the intervals between the two hyperpnoeic bursts shown in 
Table 3 roughly correspond to the time taken for blood to pass from the 
pulmonary capillaries to the carotid sinus. This approximate correspondence 
also indicates that the volume of blood released from the occluded limb is 
insufficient to accelerate the circulation considerably after its addition to the 
general venous return in the right auricle. 

Blood fressure. The blood pressure was measured in the brachial artery 
with a sphygmomanometer on several occasions before, during and after the 
period of occlusion. 

The only change observed was a faU of 6-14 mm. Hg in the diastolic pressure 
during the first minute after release of congestion, followed by a return to the 
previous level in about 2 min. A similar fall was produced by a brief spell of 
voluntary hyperpnoea about equal to the involuntary hyperpnoea which 
follows release of congestion. If after release of congestion the respiration was 
deliberately kept down to a normal level the change of blood pressure did not 
occur until the subject was unable to restrain the compulsion to overhreathe 
when the diastolic pressure promptly fell. The fall is therefore due not to the 
release of congestion but to the consequent hyperpnoea. 

In all instances the congesting pressure was found to he about or somewhat 
above the diastolic arterial pressure. 


Discussion 

In human expe^ents upon a function under, volitional control the possibifitv 
of psychological iMuences must be considered. Most of the subjects were 
unaware of the nature or purpose of the experiments, so that such factors can 
hardly be significant; whilst the two principal subjects were weU accustomed 
.0 e.T,e„„ea.a and to leaving thei, reapMon &ee fton. 
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controK Irregular and atypical results were sometimes obtained in the first 
expenments with any new technique, when the subject was paying considerable 
attention to the procedure and was often concerned that the observer should 
perform his various operations correctly. When the technique was fannliar 
and the subject could remove his attention completely from his surroundings 
his respiratory responses became regular and reproducible; the subject was 
often in fact nearly asleep and could not remember afterwards what experi- 
ments had been performed, beyond that he was aroused periodieaUy by a 
sudden compulsion to inspire. This complete passivity could not of course be 
attained in the experiments with ether injection, but there was seldom any 
doubt in the mind of the subject when he suddenly felt the compulsion to 
inspire, and on rare occasions when there was any doubt the experiment was 
discarded. 

Sensations wiU of course be aroused from the arm on release of the cuff, and 
somatic sensations, particularly pain, can affect respiration. In fact, however, 
occlusion at the low pressures used caused very httle sensory disturbance 
and usually no pain excepting when it was appHed for long periods, and long 
periods were no more effective than short ones in producing hyperpnoea, whilst 
larger painful stimuli caused less respiratory disturbance. Subjectively the 
hyperpnoea was associated with a vaguely defined sensation in the thorax or 
epigastrium, and never writh sensation in the arm, whereas a gasp produced 
by pain is very definitely associated with the pain in the mind of the subject. 
It thus appears that the hyperpnoea observed was a result of the sudden 
release of blood into the circulation. 

Harrison, Harrison, Calhoun & Marsh [1932] have described in dogs a 
hyperpnoea produced by rapid intravenous infusions or by inflation of a balloon 
in the right auricle, and prevented by vagal section, and Yeomans, Porter & 
Swank [1943] co nfir m the respiratory acceleration produced in dogs by intra- 
venous infusions. Daly, Luddny, Todd & Verney [1937], also working with 
dogs, found that with the pulmonary and systemic circuits separately perfused 
an increase of pulmonary flow caused increased inspiratory tone and respira- 
tory acceleration, disappearing after section of the cervical vago-sympathetic. 
Churchill & Cope [1929] have produced a similar respiratory acceleration by 
raising the blood pressure in a lung isolated from the rest of the circulation; 
and Sutton & Lueth [1930] describe hyperpnoea as resulting from distension 
of the aorta. Partridge [1939] has demonstrated that the vagus contains fibres 
distinct from those responding to pulmonary inflation, conducting with a 
cardiac rhythm, whose stimulation produces respiratory acceleration, and 
Hammouda, Samaan & Wilson [1943] have demonstrated that these fibres are 
contained in pulmonary branches of the vagus. This conception of dyspnoea 
arisipg reflexly from receptors in or near the pulmonary vascular bed is borne 
out by observations of the respiratory effects of multiple pulmonary embolism 
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and their dependence npon an intact vagus, as of Dunn p.920], as Trell as by 
numerous clinical observations of the association between dyspnoea and pul- 
monary' congestion [Weiss & Dobb, 1933; Christie, 1938; Kountz, Smith & 

Wright, 1942]. * ■ 

The evidence here presented is insufficient to deterinine the precise site of 
origin of the reflex hyperpnoea described, 'though the moment of origin of the 
Jiypgip 2 ioea is very close to the rime of arrival of blood in the pulmonary 
capillaries. The absence of dyspnoea in human cases of primary sclerosis of 
the pulmonary arteries [East, 1940; Brenner, 1935] suggests that receptors 
proximal to the pulmonary arteries are unimportant as a source of dyspnoea 
in man. 

Both by subjective observation and by inspection of the respiratory tracings 
the primary stimnlns appears to be an inspiratory one. On different occasions 
it arose at different phases of the respiratory cycle, a sudden compulsion to 
inspire deeply occnrring sometimes an mid-expiration or even at the hei^t of 
inspiration, or during the course of a quiet inspiration; the stimulus would thus’ 
appear to be independent of the puhnonary stretch receptors, since it can 
suddenly become prepotent in any condition of lung inflation or collapse. 
Mackay [1943] describes a sensation of sufliocation when blood occluded in the 
legs of human subjects is released into the circulation, bnr does not record 
whether this sensation was accompanied by hyperpnoea. 

The subsequent periodicity, abolished by raising the back but not by oxygen, 
has suggestive similarities to some clinical forms of periodic breathing, but 
particularly to the orthopnoea and pqioxysmal dyspnoea of some victims of 
cardiac disease. This dependence upon posture of a periodicity unaffected by 
oxygen has been observed also when breathing against a resistance, a subject 
who was periodic when recxunbent breathing regularly when his back was 
raised, and in other circumstances which will he the subject of a later com- 
munication. 

Haldane, ileakins & Priestley [1919] similarly found that the periodicity 
induced by mechanical restriction of- respiration is more marked when lyina- 
than when sitting. They state that tins periodicity is abolished by oxygen, but 
in the only tracings which they reproduce a periodicity is still discernible when 
the subject is breathing oxygen. 


SusnuBV 

1. The sudden release of blood occluded in the veins of a limb produced ii 

iT'eVr f ^ brief hyperpnoea, which in four o 

these was of considerable magnitude. 

2. If ether was injected into a vein just distal to the ooine of ^ i • 

— it r^roL:' 
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3. If cyanide was s imil arly injected, there was a diphasic hyperpnoea and 
the interval between the two phases approximately corresponded to the lung- 
carotid body circulation time. 

4. It is concluded that hyperpnoea arose almost contemporaneously with 
the arrival of the blood in the pulmonary capillaries. It is suggested that it 
was due to a reflex from pressoreceptors in the pulmonary vascular bed. 

5. The similarity to other conditions of dyspnoea associated with pulmonary 
congestion is discussed. 

My thanks are due to all those who have acted as aubjeots, and especially to Mr T. J. Meadows, 
who has also given me technical assistance. 
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It is well known that, when striated muscle is deprived of its innervation, it 
undergoes rapid atrophy [Tower, 1939]. Moreover, even though its motor 
innervation is preserved intact, a striated muscle undergoes a striking atrophy 
when it remains completely inactive for a period of weel^. Eor example. 
Tower [1937] completely isolated a segment of the dog’s ^inal cord from 
incoming impulses by cutting its dorsal roots and sectioning the cord above 
and below. The muscles innervated from this segment remained completely 
inactive and showed a rapid and progressive wasting. 

Disuse atrophy has been further studied in cats, using somewhat similar 
preparations [Eccles, 1941]. The lumbar and sacral regions of the spinal cord 
were cut off from all incoming nerve impulses by an initial operation in which 
the lumbar and sacral dorsal roots on both sides were severed and the cord 
transected just above the first lumbar segment. After 3 week’s disuse the 
muscle weights had declined to about 60% of normal and the contraction 
strengths had fallen still farther. With two muscles (the ankle flexors, ex- 
tensor digitorum longus and tibialis anticns, henceforth termed e.d.l. and 
T.A.) it was further shown that daily intermittent tetaniaation for any duration 
between 10 sec. and 2 hr. practically prevented the loss of weight. However, 
the ratios 


ma xim um tetanic contraction maximum tetanic contraction 

— and 


muscle weight 


maxi mum twitch contraction’ 


wHch fell in consequence of the disuse, showed but a small increase towards 
normal as a result of the intermittent tetanization. The other two muscles (the 
ankle extensors, soleus and the medial head of gastrocnemius) were'still less 
affected by the daily tetanization, there bemg some prevention of weight lo'^s 
but otherw^e no significant improvement. It was pointed out that the 
differences between the flexor and extensor groups of muscles may be due to 
PH. cm. 

17 
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3. If cyanide was similarly injected, there was a diphasic hyperpnoea and 
the interval between the two phases approximately corresponded to the lung- 
carotid body circulation time. 

4. It is concluded that hyperpnoea arose almost contemporaneously with 
the arrival of the blood in the pulmonary capillaries. It is suggested that it 
was due to a reflex from pressoreceptors in the pulmonary vascular bed. 

6. The similarity to other conditions of dyspnoea associated with pulmonary 
congestion is discussed. 

My thanks are due to all those who have acted as subjects, and especially to Mr T. J. Meaitowa, 
who has also given me technical assistance. 
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Ekstjlts 
Disuse atrophy 
A. General description 

The atrophic changes observed in the disused muscle at the end of 3 rveeks 
closely resembled those already described both qualitatively and quanti- 
tatively’ [Eccles; 1941], Usually the muscles vrere flaccid and completely 
quiescent, but in some fibrillation was observed, although it was rarely as 
intense as in muscle deprived of its motor innervation. Tower, Bodian &, Howe 
[1941] similarly observed fibrillation in the hind limb muscles of a monkey 
after isolation of the lumbar region of the spinal cord, and showed that it was 
a true denervation fibrillation, both the cord and the sciatic nerve having 
degenerated. Fibrillation was not observed after a similar operation on another 
monkey in which the spinal cord and sciatic nerve remained normal. In our 
experiments the fibrillation seemed likewise to be produced secondarily to 
degeneration of the cord and nerve, and not to result firom a pure disuse 
atrophy [Eccles, 1941], Thus, in one experiment, stimulation of the motor 
nerves produced little or no muscular contraction on either side, and fibrillation 
was intense in all muscles. In fdur experiments intense fibrillation was ob- 
served in some muscles and was associated with low values for the contraction 
tension per unit muscle weight. In six further experiments slight, fibrillation 
was noticed in one or two muscles but the contraction tension per rmit muscle 
weight was not abnormally low. Finally, in seventeen experiments no fibrilla- 
tion could be detected in any muscle. 'In only one experiment was it likely that 
mechanical damage to the cord or ventral roots occurred during the initial 
operation. In the other experiments showing results attributable to nerve 
degeneration it is probable that the ventral horn cells, had degenerated on 
account of the Unavoidable operative interference with the blood supply to the 
cord. All experiments were rejected in which the intensity of the fibrillation 
together with the loss of contractile power, showed that a significant part of 
the nerve supply had degenerated. 

Since the present results on disuse atrophy agree closely with those previ- 
ously published [Eccles, 1941], both series have been assembled together in 
the averaged values shown in Table 1. Column 2 gives the average ratios 
obtaining for normal muscles, and in aU the other columns the average values 
are expressed as percentages of these normal standard values The scatterin'^ 
of the results approximates to the normal distribution of a population The 
standard denations are given m brackets in the Table and show that there is 
usually a considerable scatter in the results. This seems inevitable in experi- 
ments of thm character on cats varying widely in type, weight and aae How- 
ever, the chief results stand out clearly above the scatter of the ^di'ridual 

17—2 
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the different conditions under which the muscles contracted. Since the ankle 
remained fully extended, both during the 4 sec. periods of stimulation and the 
J sec. intermissions, the flexors were maintained fully lengthened and the 
extensors fully shortened. With both groups the experimental stimulation 
further differed from the normal activity of m,uscles in that it did not reproduce 
the range nor the alternation of lengthening and shortening which occur in 
natural movements. 

The present experiments were designed to test these possibflities. In most 
experiments either the flexor or extensor group of muscles was tenotomized. 
The atrophy of tenotomised muscle was thus incidentally investigated, and 
proved to be of such interest that it was further studied. 


Method 

In the present series of thirty cats, inactivation of the muscles was brought about by the operation 
described above. All but two animals survived this inifini operation and remained in good con- 
dition until the final investigation 21 or 22 days later. The average weight loss of the cats was. 
7 % of the pre-operative weight. The greatest loss was about 20 %, while several regained their 
pre-operative weight. This average weight loss is no more than would be expected from the disuse 
atrophy of the lower trunk and hind limb muscles, i.^. as regards general condition the cats 
remained practically normal 

For experiments involving muscle shortening or lengthening during stimulation it was necessary 
to tenotomize either the ankle extensors or flexors. Of the extensors, the whole tendo Achilles was 
divided at its insertion into the calcaneus and the others were also tenotomired at the anile. The 
tendons of the two flexors, t.a. and E.DJ.., were severed at least 1 cm. beyond the muscle attach- 
ment and the peroneal tendons were also divided. 

The daily tetanizations of the muscle were provided by maximal stimulation of the sciatio nerve 
through the skin by means of a localized pad over the nerve and a large indifferent pad- 
fie'quency of stimulation was about 40 per see., ^ sec. periods of stimulation alternating wi 
J sec. intermissions. After every 16 sec. of stimulation there was a period of rest for 16 sec. J- 
daily periods of stimulation were constant for any one experiment, but durations of 30 see., 2 min. 
and 4 min. were used in different experiments. 

In all experiments, except one, the muscles exhibited no spontaneous movements at any time 
‘ after the operation. In the exceptional case the muscles exhibited occasional brief movements 
which, as described by Tower [1937], may have been due to meohanical stimulation of the sp 
cord. This experiment also was exceptional in that the muscles failed to relax during the f sec. 
intermissions in stimulation. The results firom this experiment were discarded. 

The technique of the final myographio investigation has already been described [Eccles, 1 
In two experiments tbe tenotomized tendon of soleus had lost attachment to the muscle 
such an extent that it tore away during a maximum tetanus. There were indications that 
would have been, a usual occurrence with all tenotomized muscles had the experiment 
prolonged for a few more days. The muscle fibres appeared to be developing attachments to 
new tendon which was being laid down around the old. Some care is necessary in order-to reco 
the maximum oontraotion tensions of the muscles. In aU cases the values given are at the 
frequency and. initial tension, and the single and double twitches are recorded after the ftm 
velopment of ‘treppe’ for stimuli every 5 sec. ‘Treppe’ is particularly large with gastrocnem^ 

Both the moist and dry muscle weights were determined as before, but no further reference 
be made to the dry weights since the results were similar with dry or wet weights. 
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Results 


' Disuse atrophy 
A. General descrif Uon 

V the disused muscle at the eud of 3 weeks 

The atrophic chang^ observed m h d^ quaUtatively and quauti- 

elosely -emhled' those ^hea^ descr^^^^^^ 

tatively [Eccles; 19D]. ^sua ^ although.it was rarely as 

quiescent, but m some innervation. Tower, Bodian & Howe 

intense as m muscle depri ^ muscles of a monkey 

[1941] similarly observed hbrdlat«^^^^^^ 

after isolation of the lurnharregi 

■ a true denervation fibrillation, , innlar operation on another 

degenerated. »tion was not observed aft^^^^^^^^ ^ 

monkey m which the spma cor ^ ^ be produced secondarily to 
e^cperiments the ^ from a pure disuse 

degeneratmn of the cor ^ experiment, stimulation of the motor 

atrophy t^ooles, 1941^ ^ contaaction on either side, and fibrillation 

nerves produced httkm n^ In fbur experiments intense fibrillation was ob- 
^as mtense m all muse ^ jated with low values for the contraction 

aerved in " .1“ Tn srfurther experiments sUght, fibrillation 

tension per urn mm but the contraction tension per unit muscle 

W^twm n^normally low. Einally, in seventeen 

ri™ S“ke otkei eiperimeate .howtog result, .fcibutable to nerve 
d»en..ntion it i. probable that tbe ventr.l bom oelk bri degenerated on 
acLunt of tbe unavoidable operative interference wrtb tbe blood supply to tbe 
eord AU experiment, uer. rejeoled in ubicb tbe rntemuty of tbe lib*t.on 
together uitb tbe loss of contraetil. power, .bowed that a significant part of 
the nerve supply had degenerated. 

r%‘ j-t* _ ^ _ W.S r.. .-a ■^•rtanl't.a nTl 


le nerve supply had degeneratea. 

Since the present results on disuse atrophy agree closely with those previ- 
ously published [Eccles, 1941], both series have been assembled together 
the averaged values shown in Table 1. Column 2 gives the average rat 

. . . <» 1 1,,,.. oil f.lia nf.Tio-p PAlnmna f.Tip avAraorp XTftli 


in 


ousiy pUDUsneu xonrxj, w.. 

the averaged values shown in Table 1. Column 2 gives the average ratios 
obtaining for normal muscles, and in all the other columns the average values 
are expressed as percentages of these normal standard values. The scattering 
of the results approximates to the normal distribution of a population. The 
standard deviations are given in brackets in the Table and show that there is 
usually a considerable scatter in the results. This seems inevitable in experi- 
ments of this character on cats varying widely in type, weight and age. How- 
ever, the chief results stand out clearly above the scatter of the individua 
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experiments. In addition, it bas been possible tb subject some of the more 
important series of experiments to statistical analysis. The ratio 

double twit ch contraction 
single twitch contraction 


bas not been considered in the present paper as its relative changes closely 

tetanic contraction ,. rm t.i i in 

resemble those of the - t^tch~ bbStabtb^ ’ 


Eccles, 1941]. 

Table 1, column 3 shows that, after 3 weeks’ disuse, the soleus atrophied 
rather more than the other muscles. At the same time the contraction tension 
per unit weight and the tetanus-twitch ratio were low in all. muscles, par- 
ticularly E.nx. and T.x. The tetanic response also differed from normal, 
especially with the latter two muscles, in that it was very poorly maintained 
during the stimulation, often falling to one-half in 1 to 2 sec. In all these 
respects the combined series agrees closely with the previous series. The values 
of column 3 may therefore be regarded as establishing satisfactory standards 
for the muscle changes occurring after 3 weeks of total disuse. 


B. The effect of stimulation on disuse atrophy 


In the previous series of experiments the much stronger ankle extensors 
caused the ankle to assume a position of extreme extension during the daily 
tetanic stimulations, and this position was maintained during the 4 sec. inter- 
missions in the stimulation. Thus, throughout the stimulation, the extensors 
remained in a position of maximum physiological shortening and the flexors 
in a position of maximum physiological lengthening. Similar conditions pre- 
vailed in many experiments of the present series — usually in the ‘control’ 
limb — in eighteen for the extensor muscles and in sixteen for the flexor muscles. 
Since the results closely agreed with those of the previous'series, the averages 
of the whole series were calculated and are shown in Table 1, column 5 for the 
extensors (soleus and gastrocnemius), and in column 6 for the flexors (e.d l 
and T.X.). 


Xo systematic attempt has been made to confirm the qbservations of the 
previous paper that daily stimulations as short as 10 sec. were as effective as 
stimulations lasting up to 2 hr. In the present experiments daily stimulations 
of 4 mm. proved to be slightly more effective on the average than those of 
30 sec., but the results were not statistically significant. 

^ so far as the effect of stimulation on weight is concerned, the flexors with . 

..e 1 : t 

a greater m.prov.™nl, bpt the effect b m.oh lees etriMeg thek trith t-ebht. 
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1. Effect of the length of the muscle on the response to daily stimulation 

, The following experiments have been performed: (i) Cutting the tendo 
Achilles and the tendons of the other ankle extensors. Stimulation of the 
extensors then causes them to shorten still further than the maximum 
physiological shortening. At the same time the ankle was held fuUy flexed 
during stimulation in order that the flexors might assume fuU physiological 
shortening during their daily contractions, (ii) Tenotomy of the flexor tendons 
so that the flexor muscles might assume a still more shortened state during 
the daily contractions. 

Columns 4, 5 and 6 of Table 1 show the response of the flexor muscles to daily 
stimulation under the three different -conditions of length. In general the 
intermediate length of the muscle (maximum physiological shortening) gives 
values in between the shortest (tenotomized muscle) and the longest (maximum 
physiological lengthening). 

In some experiments the flexor muscles of one limb were stimulated at a 
length different from that of the same muscles in the other hmb. Corre- 
sponding muscles of opposite limbs so closely resemble each other that they 
may be regarded as initially identical; hence it has been possible to calculate 
the statistical significance of the differences observed between the various 
means [Fisher, 1934, pp. 117-20]. Table 2 shows the five experiments in which 


Table 2. The (muscle wt. in g.)/(body wt. in kg.) ratio is shown for each muscle, the value for tte 
left (tenotomized) being shown above the right (normal, i.e. not tenotomized and shoving 
maximum physiological lengthening). Below these values is shown the percentage change in 


weight for each pair as a result of the tenotomy 


Exp. no 

B.D.L.: I-eft (tenotomized) 
Eight (normal) 
Percentage change 

T.A.: Left (tenotomized) 
Eight (normal) 
Percentage change 


1 

2 

3 

0-96 

117 

0-84 

1-23 

1-48 

■ 1-006 

-22 

-21 

-16 

1-66 

2-04 

1-85 

2-47 

2-67 

2-41 

-27 

-20 

-23 




Mean 

percentage 

23 

24 

change 

0-92 

0-90 


1-10 

1-00 


-16 

-10 

-17 

1-32 

1-30 


1-98 

1-97 


-38 

-39 

-31 


'the left and right flexor muscles were stimulated in the tenotomized and full) 
lengthened conditions respectively. Calculation shows that there is less chance 
than 1 in 100 that a stimulated tenotomized muscle (either e.d.l. or t.a.) will 
be larger than if it were stimulated in the fully lengthened condition. The 
difference between columns 4 and 6 in Table 1 a is thus highly significant. The 
results of the same five experiments were more variable for the values shown in 
Table 1 6 , c. In every respect e.d.l. and t.a. gave closely similar results, hence ^ 
it seems justifiable to pool them for statistical calculation. The five experi- 
ments then show that there is about 1 chance in 16 that the contraction 
tension : weight ratio would be smaller for the tenotomized muscle than for 
the fuUy lengthened muscle, and about 1 chance in 30 that the tetanus : twitch 
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ratio would be smaller. Thus, on the whole, it would appear that in Table 1 6, c 
the larger values for flexor muscles of column i when compared with those of 
column 6 are significant. 

In six experiments the gastrocnemius was stimulated in the tenotomized 
condition on one side and in maximum physiological shortening on the other. 
The results, calculated statistically as above, were not significant, shotving about 
1 chance in 10 that the tenotomized muscle would be greater in weight, and 
1 in 16 that the ratio of Tnavimiim tetanic contraction to muscle weight would 
be larger. Possibly the lower mean values for the tenotomized muscles achieve 
significance when combined with the much larger number of experiments used 
in calculating the gastrocnemius averages shown in Table 1 a, b. The ratio of 
tetanus to twitch showed no significant change in the six experiments, 
a result in agreement with the similar mean values in' columns 4 and 5 of 
Table 1 c. Since tenotomy of the soleus was usually performed on both sides, 
a similar statistical comparison could be made only in three experiments and 
was not significant for any values. However, in three experiments with 
tenotomy of all the ankle extensors except soleus, the contracting soleus was 
held in a moderately lengthened condition by the simultaneously contracting 
flexors. Its atrophy was significantly less than in the control limb, where it 
contracted in the fully shortened condition, the means being 82 % as against 
57 % of the normal value. 

The effect of length on the disused and artificially stimulated muscle may be 
summed up as follows. 

(i) The longer the flexor muscle, and possibly also the gastrocnemius and 
soleus, the better is the maintenance of its weight (columns 4, 5, 6, Table la). 

(ii) The longer the flexor muscle, the poorer is the maintenance of the 
contraction tension per unit weight. With the gastrocnemius possibly the 
reverse condition may occur (columns 4, 5, 6, Table 1 6). 

(iii) The longer the flexor muscle, the poorer is the maintenance of the 
tetanus ; twitch ratio (columns 4, 5, 6, Table Ic). 


(iv) The much greater effectiveness of stimulation in maintaining the 
weights of the flexor muscles, as compared with extensors, is largely dependent 
on some factor other than the relative lengths at which the stimulated flexor 
and extensor muscles are maintained (columns 4, 5, Table 1 a) 

(v) The differences between the effectiveness of stimulation with the flexor 
and the erfensor muscles also seem significant for the contraction tension ner 

weight of stimulated tenotomized muscle (column 4, Table lb) Tb;« 
^her suggests that some factor other than length distincmished the 

ated flexor &om the stmmlated extensor muscles, for both types of muscles 
are fully shortened when tenotomized. muscles 
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of movements of a muscle during the daily stimulation 

(a) Shortening during stimulation 

In these experiments the attempt was mhde to allow the muscles to shorten 
during their contraction in response to the daily stimulation. Singe the maximal 
stimulation through the s kin was necessarily apphed to the whole sciatic nerve, 
tenotomy of all ankle extensors was essential in order to allow the weak flexors 
to shorten during stimulation. During the daily stimulations the lim b above 
the ankle was fixed in a frame and the ankle was subjected to a constant 
mechanical pull tending to keep it fully extended. This was done by attaching 
a band aroxmd the toes to a puUey wheel whose axle was torsed by a heavy 
weight (1 kg.) working at a mechanical disadvantage of 1-6. The flexor muscles 
thus contracted isotonicaUy, and during each § sec. intermission they were 
rapidly and fully lengthened because the mechanical pull was exerted with a 
relatively small inertial factor. The angular movement of the ankle varied frorn 
90 to 50° in the six experiments, and always had declined to about one-half by 
the end of the daily stimulation. Shortening of the extensor muscles during 
stimulation was brought about by a similar mechanical device working in the 
opposite direction, i.e. flexing the ankle during the intermission. It was not 
necessary to tenotomize the weak ankle flexors, but this was done in two 
experiments. The angular movements varied from about 90 to 50° in different 
experiments, but the decline by the end of the daily stimulation was much less 
than with the flexor muscles. 

Table la, colu mn 7, shows that with shortening during stimulation the 
weights of the extensor muscles were better maintained than under any other 
conditions, though still much below normal values. With the flexor muscles 
the weights were probably maintained at full normal value. With the extensor 
muscles the contraction tension : weight ratios and the tetanus : twitch ratios 
were also higher than under any other conditions (Table 1 b, c). On the other 
hand the flexor muscles gave lower values, which were considerably below 
those for tenotomized muscles. 

^ It has been possible to calculate the statistical significance of these averaged 
results, since, during the daily stimulation, the opposite limb was always held 
so that the muscles in question contracted under fully shortened conditions 
(comparison of columns 7 and 6 of Table 1)'. This was possible with the flexor 
muscles because the extensor muscles of -both hmbs had been tenotomized. 

(i) Ratio of muscle weight to body weight. With soleus the shortening during 
stimulation gives an increase which is highly significant; less than 1 in 100 
would show a decrease. With the other muscles the corresponding chances of 
a decrease are 1 in 10, 1 in 14 and 1 in 18. The last Wo values (for e.d.l. and 
T.A. respectively) become highly significant (much less than 1 in 100) if they 
are pooled. In view of the s imila r average behaviour of all four muscles, it 
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seems safe to conclude that, when the muscle is allowed to shorten during the 
daily stimulations, the weight is bener maintained than if it is ^ed in the- 
fully shortened position. 

(ii) Ratio of contraction tension to muscle weight. With soleus the increase 
is possibly significant. About 1 in IS would show a decrease, but in the other 
muscles the results are not signincant for either increase or decrease. 

(ui) Ratio of tetanus to twitch. The increases are not significant with any 
muscle, and do not even achieve significance when the e.d.l. and t.a. results 
are pooled. In all muscles there is a chance varying from 1 in 3 to 1 in S that 
the ratio will be lower when shortening is allowed during stimulation. 

(b) Lengthening during stimulation 

It has onlv been possible to investigate this with the fiexor muscles. IVhen 
the limb with all tendons intact is fiesed by the mechanical device during the 
intermission in stimulation, the contraction of the stronger extensors easily 
extends the anMe and so lengthens the flexors during their contraction period. 
Column 8, Table 1, shows that muscles stimulated under these conditions do 
not differ appreciably from those stimulated at a fixed, fully lengthened, 
condition. 

C. Effect of passive movements on disuse atrophy 
In two experiments no stimulation was applied to either limb during the 
3 weeks of disuse atrophy. Both hind limbs were kept immobilised in plaster, 
which was removed for the daily treatment with passive movements. The 
ankle of one side was alternately flexed and extended every second for 4 min. 
The plaster was also removed from the other side for a .similar period, but no 
passive movements were applied. 

These experiments showed that passive movement had little or no effect on 
the course of disuse atrophy. For example, the passively exercised muscles 
varied in size from 16% larger to 10% smaller than the control resting side, 
with an average effect for the eight muscles of 2 % increase. Further experi- 
ments would be necessary ro determine whether passive movements have a 
small beneficial effect. 


Tenotomy 

In four experiments both the ankle extensors and flexors were tenotomized 
in one limb only, and the animal remained otherwise normal for 3 weeks' there 
being no cord operation. On dissection at the end of this period the muscles 
were found to be retracted and to be developing new tendons around and 
between the old stumps. With the ankle in a position between flexion and 
pension the gaps m the tendons averaged 1 cm. for tendo Achilles 2-0 cm. 
or Emx., ^d 2-5 cm. for t.a. The muscles of both sides were mvographicallv 
mvestigated m the usu^ way. The optimum muscle length for contraction was 

lengthening the muscle after each series of twitches 
and double twitches. The imtial tension declined during each such series so it 
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was possible furtber to lengthen the muscle. The maximum contraction tension 
'Was thus recorded at a muscle length considerably longer than the resting 
length of the tenotomized muscle. 


Table 3. The mean ratios for the tenotomized muscles are expressed as percentages of the mesa 
ratios for the opposite normal muscles. Standard deviations are shown in brackets 


Muscle weight 
Body weight 


1 2 
Soleus 49 (6) 

Gastrocnemius 79 (6) 

n.D.L. 80 (6) 

T.A. 81 (6) 


Maximum tetanic contraction 
Muscle weight 
3 ' 

61(4) 

60(10) 

89 (14) - 
86 ( 12 ) 


MaxiTTniTTi tetanic contraction 
Maximum twitch contraction 
4 

64(8) 

70 (9) 

S9 (20) 

79 (9) 


It will be seen from Table 3 that in respect of each measurement the values 
obtained are lower for tenotomized muscles than for the corresponding normal 
muscles of the control lim b. Statistically this lowering is highly significant for 
the muscle weights in column 2, there being in every case much less than 1 
chance in 100 of tenotomy causing an increased weight. Similarly highly 
significant decreases are shown for soleus and gastrocnemius in columns 3 and 
4. Finally, if the e.d.l. and t.a. results are pooled, the diminutions of contrac- 
tion tension per unit weight and of the tetanus : twitch ratio also become 
highly significant, there being less thaii 1 chance in 60 that tenotomy would 
cause an increase. 

Comparison of Table 3 with Table 1, column 3, shows that tenotomy and 
disuse atrophy cause a similar weight loss of about 50 % in soleus, but in the 
other muscles the weight loss resulting from tenotomy is only about 20 % as 
compared with the 40% loss with disuse atrophy. With soleus and gastro- 
cnemius, tenotomy causes a loss of 40% in contraction tension per umt weight, 
which is even higher than in disuse atrophy (20-30%). 


Discussion 

Disuse atrophy. With the exception of the weights of the flexors, the normal 
condition of the muscles was not maintained by any type of daily stimulation. 
Two hours of stimulation were not found to be more effective than a few 
seconds [Eccles, 1941]. As has been shown above, the principal variations in 
the mechanical conditions of contraction have been tried without success. In 
one respect, however, the experimental conditions depart fi:om normal. 
Experimentally the muscles are subjected to one intense period of activity per 
day, while muscles normally experience less intense activity spread irregularly 
over most of the day. This difference would apply particularly to the postural 
and antigravity muscles, soleus and gastrocnemius. This may account for the 
fact that, on the whole and as seen in Table 1, the gastrocnemius more closely 
resembled the soleus, though it is a fast pale muscle of the same typ6 as e.d.l. 
and T.A. [Denny-Brown, 1929]. 
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iVom the practical aspect of 'prophylactic treatment it would seem that 
disuse atrophy is best counteracted by allowing muscles to shorten ^uring their 
contraction. This would simply mean active movements of the limb in question. 
The results suggest that, where patients are confined to bed, bmb muscles may 
be maintained in good condition by the patient exercising them for a couple of 
minutes each day by strong voluntary contractions with movements. If move- 
ments axe inadvisable, e.g. m the case of some fractures and joint injuries, or 
where a plaster cannot be temporarily removed, then strong voluntary con- 
tractions without movement are also reasonably effective in maintaining the 
condition of the muscles. The experimental investigation has, however, failed 
to discover a form of artificial stimulation which will maintain muscles in a 
fully normal condition. In particular, the tetanus ; twitch ratio, i.e. the power 
of the muscle to build up a tetanic contraction, remains poor under all 
conditions. 

Kecently, Solandt & Magladery [1941, 1942], and Fischer [1941] have shown 
that, after section of the spinal cord in the mid-thoracic region, the gastro- 
cnemius-soleus muscles of rats show an initial period of atrophy as intense as 
in the denervated muscle. However, after 2 weeks there was regression of the 
atrophy and by eight weeks the normal weight was almost, regained. Solandt 
& Magladery suggest that such a regression of atrophy may also have occurred 
in the absolutely disused muscles prepared by Tower’s method. However, in the 
three dogs originally prepared by Tower [1937] there was gross atrophy of the 


disused muscles at 2, 5 and 6 months, and in one cat, after 45 days of disuse, 
the atrophy was on the whole more marked (soleus atrophy to 39 % normal) 
than the average at 21 days [Eccles, 1941]. The moat probable explanation of 
the regression ia atrophy 2 weeks after sectioning the rat’s cord, is the recovery 
of the local reflex activity of the cord after an initial period of spinal shock 
[Liddell, 1934]. Solandt & Magladery report occasional bursts of activity 
(mass reflexes), and even suggest the presence of a low level of reflex activity, 
but think that this does not provide an explanation of the regression in atrophy. 
Since 10 sec. of dofiy tetanization ia adequate to maintain the weights of 
otherwise completely inactivated flexor muscles [Eccles, 1941], it would seem 
that the insidious onset of reflex activity, as spinal shock passes off, would 
suffice to account for the regression in atrophy. Fischer states that the 
muscles gaining in weight were spastic.- 


Tenotoniy. Two explanations have been offered for the atrophy of-teno- 
tomized muscles, (i) That the muscle atrophies on account of a state of over- 
acti^ty caUed a myostatic contraction, wHch, it is suggested, is initially reflex 
m character but later becomes set in contracture [Ranson & Sams, 1928- ‘ 
Davenport & Eanson 1930; Tower, 1939]. The claim of Bosmin [1925] that 
tenoto^ed muscle fibriUates has not been confirmed either by-Tower [1939] 
or m the.present experiments, (ii) That the muscle atrophies on accolmt of 
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staining, wavy fibres, longitudinal striation and blurring of cross-striations. 
Similar histological changes have also been observed by Nageotte [1937] after 
prolonged tetanization of isolated muscles: Moreover, Ramsey & Street [19-10] 
have shown that isolated muscle, fibres suffer severe and irreversible damage 
(the 8 state) when stimulated and allowed to shorten below 65% of their 
resting length. Their description of the microscopical appearance resembles 
that of Davenport & Ranson and of Nageotte, and the contractile power of 
the muscle was gravely impaired. Thus it is possible that Rischer’s experiments 
differed from the present series in that his muscles did not shorten to the extent 
of producing this irreversible damage to the individual fibres. A further 
possibility is that the difference in the method of stimulation may be signi- 
ficant; In the present experiments the muscle was always indirectly stimulated 
through the nerve; in Fischer’s experiments the muscle was directly stimulated 
with currents of optimal frequency and duration. 

The experimental results show that the atrophy of tenotomized muscles is 
not much affected by either absolute rest or graded exercise. Since the ■ 
abnormally shortened condition of the muscle fibres seems to be the important 
factor in causing atrophy, the only effective treatment is immediate suture of* 
the divided tendons so that the muscle fibres are restored to their normal 
length. 

SxruiiART 


1. In thirty cats a farther study has been made of the disuse atrophy which 
occurs in innervated muscles of the hind limb kept completely inactive for 
several weeks as the result of section of the cord in the upper lumbar region 
and of all the dorsal roots below this level. As previously reported, the ankle 
flexors and extensors atrophied to about 60 % of normal in three weeks, and 
both the tetanic contraction tension per unit weight and the tetanus to twitch 
ratio fell to low values. Further, daily doses of artificial indirect stimulation 
largely prevented the atrophy of flexor muscles, but were found to be much 
less effective with extensor muscles. 

2. It has now been shown that the shorter the muscle during stimulation 
the less effective is daily stimulation in preventing atrophy. Thus stimulation 
is least effective in tenotomized muscle. 

3. Muscles pulling against an isotonic load, and so allowed to shorten and 
lengthen during the daily stimulations, atrophy less than if stimulated in the 
fixed condition of maximum physiological shortening. Under such conditions 

the contraction response of extensor muscles is also maintained more nearlv 
normal. - - 


4. Even when similar mechanical conditions prevail during the daily 
st^ulaW, the extensor muscles atrophy much more than the flexors I^ 
not the flexors can be completely prevented provided they are 

not fuUy shortened dunng the daily stimulations. On the other hand the 
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decreased, activity, either due to diroinished motor nerve discharge or di- 
minished work done by a muscle contracting without load [Lipschutz it 
Audova, 1921]. - 

There is no acceptable evidence that a tenotomized muscle is reflexly excited 
so as to cause over-activity. The characteristically contracted condition of 
tenotomized muscle was observed in three experiments of the present series in 
which the full cord operation for disuse atrophy was combined with tenotomy, 
of the muscles of one hind limb. These tenotomized muscles were fuUyshortened^ 
by a momentary tetanus as soon as their tendons were divided, and thereafter 
could not have been subjected to any reflex stimulation from the isolated and 
de-afferented spinal cord. These tenotomized and disused muscles did not differ 
significantly in either weight or contraction from the disused muscles of the 
control limb. 

The alternative explanation of the atrophy of tenotomized muscle, that it is 
attributable to disuse resulting from reflex inactivity, is also contra-indicated 
by the present experiments. The results given in column 4, Table 1 a, show that 
tenotomized muscle stiU suffers a large atrophy when it is subjected to a daily 
artificial stimulation. 

However, this atrophy of the tenotomized and stimulated muscle (Table la, 
column 4) does not significantly differ (with the possible exception of the greater 
atrophy of the gastrocnemius) from the tenotomized muscle of the normally 
innervated limb (Table 3, col umn 2). This suggests that the important factor 
in causing the atrophy of tenotomy is not under-activity or over-activity, but 
merely the exceptionally shortened condition of the muscle. It has already 
been shown that with artificial stimulation the weight of such a shortened 
muscle remains significantly below the weight of an intact muscle either fully 
lengthened or allowed to shorten during stimulation (Table 1 a, columns 4, 6, 7). 
Thus, even though a tenotomized muscle may be subjected to a normal degree 
of, activity by discharges from the nervous system, the extremely shortened 
condition of the muscle fibres will still result in the occurrence of atrophy. , 

The many previous investigations on the atrophy caused by tenotomy 
showed a weight loss of the same order as that recorded in Table 3. The tetamc 
contraction tension per unit weight has apparently been measured only once 
previously [Tischer, 1941]. This investigator foimd that five gastrocnemius- 
soleus muscles of the rat showed no appreciable loss in tetanic contraction 
tension per unit weight at various periods (9, 10, 23, 28, 32 days) after teno- 
tomy, though at the longest periods they had atrophied to one-half. Corre- 
spondingly there was no significant loss in birefringence. He inferred that the 
submicroscopic crystalline structure of the muscle is unimpaired and contrasts 
this with loss both of contractile power and birefringence in denervated 
muscle. On the other hand, Davenport & Hanson [1930] have shown that 
tenotomized muscle presents a grossly abnormal histological picture, mottled 
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staining, wavy fibres, longitudinal striation and blurring of cross-striations. 
Similar histological changes have also been obser\^ed by Nageotte [1937] after 
prolonged tetanization of isolated muscles; Moreover, Ramsey & Street [1940] 
have shown that isolated muscle fibres suffer severe and irreversible damage 
(the S state) when stimulated and allowed to shorten below 65% of their 
resting length. Their description of the microscopical appearance resembles 
that of Davenport & Eanson and of Nageotte, and the contractile power of 
the muscle was gravely impaired. Thus it is possible that Fischer’s experiments 
differed from the present series in that his muscles did not shorten to the extent 
of producing this irreversible damage to the individual fibres. A further 
possibility is that the difference in the method of stimulation may be signi- 
ficant; In the present experiments the muscle was always indirectly stimulated 
through the nerve; in Fischer’s experiments the muscle was directly stimulated 
with currents of optimal frequency and duration. 

The experimental results show that the atrophy of tenotomized muscles is 
not much affected by either absolute rest or graded exercise. Since the 
abnormally shortened condition of the muscle fibres seems to be the important 
factor in causing atrophy, the only effective treatment is immediate suture of» 
the divided tendons so that the muscle fibres are restored to their normal 
length. 

SUMMASY 


1. In thirty cats a further study has been made of the disuse atrophy which 
occurs in innervated muscles of the hind limb kept completely inactive for 
several weeks as the result of section of the cord in the upper lumbar region 
and of aU. the dorsal roots below this level. As previously reported, the ankle 
flexors and extensors atrophied to about 60 % of normal in three weeks, and 
both the tetanic contraction tension per \init weight and the tetanus to twitch 
ratio fell to low values. Further, daily doses of artificial indirect stimulation 
largely prevented the atrophy of flexor muscles, but were found to be much 
less effective with extensor muscles. 

2. It has now been shown that the shorter the muscle during stimulation 
the less effective is daily stimulation in preventing atrophy. Thus stimulation 
is least effective in tenotomized muscle. 

3. Muscles pulling against an isotonic load, and so aUowed to shorten and 
lengthen during the daily stimulations, atrophy less than if stimulated in the 
fixed condition of maximum physiological shortening. Under such conditions 

the contraction response of extensor muscles is also maintained more nearlv 
normal. - - •' 


4. Even when similar mechanical conditions prevail during thb daffy 
stunulatm^, the extensor muscles atrophy much more than the flexors. I^ 
fact, atuophy of the flexors can be completely prevented provided they are 
not fuUy shortened durmg the daily stimulations. On the other hand tTe 
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extensors tend to be less abnormal than tbe flexors in so far as tha contraction 
response is concerned. 

6. The difference between the flexor and extensor reactions, and the failnit 
of daily stimulation to prevent extensor atrophy, are discussed, and also the 
application of the results to treatment of disuse atrophy. 

6. Tenotomy of otherwise normal muscle is shown to give rise to loss of 
weight and of contraction response somewhat resemhling those of doused 
muscles. 

7 . The current hypotheses that the atrophy of tenotomy results from over- 
activity or under-activity are shown to be contra-indicated by experiments on 
tenotomized muscles which are either disused or artificially stimulated. It is 
suggested that the atrophy of tenotomized muscle results from the extremely 
shortened state of the muscle fibres and is largely independent of the degree ol 
their activity. 

The author wiahea to thank the National Health and Medical Research Council of Australia foi 
grants in aid o/ this research. These eiperiments have been made possible by the skill and can 
with which Mr A. S. Chapman nursed the animals that were operated on. He also performed the 
• daily stimulations. 
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ABSOLUTE MUSCLE EORCE IN THE 
ANKLE FLEXORS OF MAN 

By H. a. HAXTON, From the Radcliffe Infirmary, Oxford, 
and the Anatomy Department, University of St Andrews 

(Received 18 November 1943) 

Ml investigators since Weber [1846] are agreed that absolute muscle force 
should be regarded as tension per unit cross-section of the muscle because, 
as Weber indicated, the power of a muscle depends on its cross-section and 
not on its length. They are not agreed, however, on the exact definition of 
absolute muscle force. When the muscle is exerting its effort, should its fibres 
be at full stretch [Reys, 1915], half-way between full stretch and full shortening 
[Fick, 1910], or at ‘the most favourable length’ [Franke, 1920]? The results 
differ according to the criterion accepted. In many respects the methods 
previously used are unsound. The present study aims at establishing results 
on a more reliable basis. 

The greatest resistance, against which plantar flemon of the ankle acts, 
can he determined and then translated into the maximum tension generated 
in the muscles producing the movement. Previous workers have increased the 
resistance by adding to the weight of the bojiy [Weber, 1846; Keys, 1915] 
by applying a downward force to the lower end of the thigh [Hermann, 1898], 
or by an upward pressure on the ball of the foot [Keys, 1915]. Since the last 
appears to be the most precise method it weis the one chosen for the present 
investigation. 

Methods 

Maximum muscle force. The apparatus is shown in Fig. 1. The support 
behind the lumbar spine and pelvis was adjusted- so that the knee could just 
be brought to the folly extended position. At this point the heel could be 
raised from the plank only by a maximum effort of ankle flexion. When the 
heel just cleared the plank an almost completely isometric contraction of 
the calf muscles was taking place in the position midway between full extension 
and fim contraction. The leg and thigh were clear of the ground throu<^hout 
the test. The distance of the head of the flist metatarsal bone from the hinge 
was one-fifth of that between the hinge and the attachment of the spring 
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balance, so that the pressure on the ball of the foot was five times as great 
as the tension in the balance. 

Rapid readings, made possible by use of a spring balance, are desirable in 
view of the quick onset of fatigue during strong muscle contractions. Eeys 
[1915] used weights instead of a spring and he tested both legs together. 
His results for the pressure on the ball of the foot were only shghtly higher 
than those of the present study, despite the fact that he was testing pro- 
fessional athletes. 



Fig. 1. Apparatus for measuriug the maxunum pressure on the ball of the foot against which 
' ankle flexion can be exerted. 



In order to obtain the actual tension in the calf muscles the foot must be 
studied as a lever. It matters not whether it is considered as a lever of the 
first class with the fulcrum at the ankle, as was done by the earlier workers, 
or as one of the second class with the fulcrum at the head of the first meta- 
tarsal [Reys, 1916; Martin, 1934], since, in equilibrium, the sum of the 
moments about any point is zero. The long controversy about the situation 
of the fulcrum does not, therefore, alfect the calculation. 

Five legs from anatomical subjects were cleared of all obstructing structures 
until free movement took place at the ankle joint with a minim um of :Wction. 
Each leg was held in clamps and spring balances were attached to the tepdo 
calcaneus and to the foot at the level of the head of the first metatarsal bone 
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tendo calcaneus. w*er [1846] estimated the 

aicaotcioss^sectouof t« ty|„er 

t"t^ 8- " tt 

IllltiSr:" tL .hit .as 

tied .as the total physiological 
“Tel of section of aU the hhtea 
to their long axes. The measurement of the latte 
in muscles of complicated 
caning diicction of fibre, is a 
and the methods used by ^ 

Pick, 1910], Hermann [1898], 

[see Pick, 1910], Keys [1915], and Franke [19.0] 

must all be regarded as maccurate. 

The only ^ay in which the physiological cross. 
i« « -rrtiicnlfk ORTi be found is to break u] 



The only way in which the physmlo^cal^ ^ ^,^odofdater™gthe 

section of a muscle can be found ^ to h^ak up tension in the 

the muscle into bundles of parallel fibres and then andthejressure 

to determine the total cross-section of th^e the ball of the foot, , 
bundles. Examination of the gastrocnemius 

and aclcus musclea recealed that they can be divided mto a s 

strips the component fibres of .hich arc in a "“Pr"** ^3“ ,a ob- 
the case of the gastrocnemius two such strips, one for each head, w 
mLed and “th! solcii. three. Hi each strip the prorimal fibres .ere sectioned 

r 



3 Method of Bectioning a unipennate musde to obtain the physiological cross-section (see 
teit). OBD is the tendon of origin and ACI the tendon of insertion of the mnscle dbres. 


Jt- 


at right angles to their length {AB in Eig. 3). At B a plane of cleavage BC 
was found between the last fibres cut and the first fibres still attached to the 
tendon of origin, and the portion ABC was detached. The remainder of the 
strip was sectioned and split alternately until aU the fibres had been cm 
across. The total area of the cut surfaces AB, CD, etc., was determined b] 
making outline tracings on celluloid of a uniform thickness, as recommendei 
by Scammon & Scott [1927] and by Mainland [1929, 1933, 1934]. Six tracing 
PH. cm. , 18 
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were made from each surface in order to reduce errors due to technique. 
Each tracing was cut out and weighed, and the area was calculated from the 
weight. These cadaver muscles were, in the usual fully contracted position of 
complgte plantar flexion, and allowance had to be made for this. Since human 
muscle fibres contract by 57 % of their extended length [Haines, 1934], and 
since muscle volume remains constant [Glisson, 17th century], the physio- 
logical cross-section must diminish by 57 % between f ull shortening and full 
extension, and at the half-way position it is 72% of the area at complete 
shortening. Furthermore, the muscle fibres are inclined at an angle to the 
tendon of insertion so that only>a resolved component of the tension developed 
in the fibres acts in the Une of the tendon. To allow for this, the physiological 
cross-section must be multiplied by the cosine of the angle between the fibres 
and the tendon. The result, called the ‘reduced physiological cross-section’, 
is used in subsequent calculations. In effect, this manoeuvre substitutes for 
the fibres acting at an angle to the tendon a bundle of smaller section acting 
in the fine of the tendon. 

Calculation of cross-section of the ankle flexors in life. Fick [1910], and 
others, applied the results obtained from cadaver muscles directly to the 
living, in the belief that formalin fixation produces no change in the dimen- 
sions of muscles. , In the preserved legs used in the present work, however, 
the circumference in the region of the calf was much less than that in living 
subjects with a minimum of superficial fascia, so it was obvious that, in these 
specimens at least, the muscles were of smaller cross-section than those of 
the living subjects. To overcome this difficulty, the reduced physiological 
cross-section of the ankle flexors in the cadaver was divided by the anatomical 
cross-section of the cadaver leg in the region of the calf. The resulting figure 
was then multiplied by the anatomical cross-section of the' hving leg at the 
same level. The final figure represented the reduced physiological cross-section 
of the ankle flexors in, the living subject. The anatomical cross-section of the ; 
leg both in cadaver and living subjects was determined by dividing the square 
of the circumference of the leg at the calf, measured with the arfide in full 
plantar flexion, by Itt. This is justifiable since the hmb is almost circular at 
^ that level. Because the bones do not vary significantly in cross-section they 
were separated from the variable cross-section by subtraction of their sec- 
tional area. < 

' Eesults 

The ratio of the tension in the tendo calcaneus to the resistance at the ball 
of the foot, determined from cadaver limbs, was 2-67 ± 0-038 (s.e. of mean 
of 6 observations) to 1 . The constancy of this ratio allows of its application 
to living subjects in calculating the tension in the tendo calcaneus (Table 1). 

The different qro^-sections in the cadaver limbs are shown in Table 2. 
For the calculation of the reduced physiological cross-section the angle be- 
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T.T.T.-r 1 Ihe maimum tensioa developed in the tendo calcaneoi trith the ankle h^-tray 
between foil extension and flexion, obtained by multiplying the reading on the balance 


by 5 x 2-67 

Keadin 

S 

M;TxirarLm tension 

.A 

Subject 

B. G. 

A-H. 

yLR. 

J.W. 

D.K. 

C. H. 

Right leg 
kg. 

35 

37 

24 

30 

33 

37 

Left leg 
tg- 
36 

35 

23 

30 

34 

39 

Right leg 

ts- . 

467-2 

493-S 

32r-S 

■iOO-5 

440-5 

493-S 

Left leg 
kfi- 
460-5 
467-2 
314-5 
4O0-5 
453-S 
520-5 


Ti-rtv 2. The relation of the reduced physiological cross-aection of the ankle flexors 
- to the anatomical cross-section of the leg in preserved l i mbs 


PhysioL C.S. 
Specimen sq.cnu 

1 77-6 

2 91-6 

3 • SS-7 

4 S7-3 


Red. phys. C.S. 

Circum- 

•A’ 

ference 

sq.cm. 

cm. 

504} 

23-5 

59-5 

25-5 

37-0 

24-7 

56-1 

24-3 


Anat. C.S. 


‘5’ 


sq.cm. 

AIB 

35-7 

1-29 

46-3 

1-2S 

43-5 

1-32 

41-S • 

1-34 


tween the muscle fibres and the tendon of insertion was found to be 10-5° 
for the gastrocnemius and 25° for the soleus, with the muscles in the mid- 
position. The ratio of the reduced physiological cross-section to the anatomical 
cross-section in the cadaver was a fairly constant one of 1*31 ±0-024 (4) to 1. 
It seemed justifiable to assume that it holds for living subjects with a mini- 
mum of superficial fascia, and so it was used in calculating the reduced 
physiological cross-section in life from the anatomical cross-section (Table 3). 


T.tm.r. 3. The reduced physiological cross-ecctioa in Kving subjects, obtained by mulpplvfog 
the anatomical croas-secrton by 1-31, and the absolute muscle force for the artTe flexors ir 
the mid-podtion 


Subject 

Leg 

Circum- 

ference 

cm- 

R.G. 

Right 

Left 

35’9 

35*6 

A.H. 

Right 

Left 

35*5 

35-5 

WH. 

Right 

Left 

30H) 

30-0 

J.W. 

Right 

Lett 

32-2 

32-2 

D.K. 

Right 

34-0 

34-0 

C.H. 

Right 

Left 

35-5 

35-3 


Alfaolute 


■Anat. C.S. 

Red. phys. C& 

muscle force 

sq.cm. 

sq.cm. 

kg./sq.cm. 

97-3 

127-5 

3-66 

95-6 

125-2 

• 3-S3 

95-0 

124-5 

3-97 

95-0 

124-5 

3-75 

66-4 

S74) 

3-S6 

66-4 

S74) 

3-62 

77-3 

101-3 ■ 

3-95 

77-3 

101-3 

3-95 

S6-S 

113-7 

3-S3 

86-^ 

113-7 

3-99 

95-0 

124-5 

3-97 

934) 

124-5 

41S 


Absolute muscle force. From the maximum muscle tension and the reduci 
physiological cross-section the absolute muscle force for the antle flexors 
the mid position was found to be 3-9 ±0-15 (12) kg. per sq. cm. Previc 
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estimates of the absolute muscle force in these muscles were 0’836 kg. persq. cm. 
[Weber, 1846], 6"9 kg. per sq. cm. [Knorz, cited by Franke, 1920], 6-24 kg. per 
sq. cm. [Hermann, 1898], 6-26ig. per sq. cm. [Keys, 1916]. 

Discussion 

In combining data from- living and preserved limbs certaiu assumptions must 
be made, for example, that the ratio of the physiological cros^-section of the 
muscles to the anatomical cross-section of the limb is the same in hving and ' 
preserved hmbs. It is recognized, therefore, that the error in the results may^ 
be considerable. The method described here can, however, justifiably be 
claimed to give a more accurate estimate of the absolute muscle force than 
■any previously used, because it considers the alteration in cross-section with 
stretching or shortening and the variations in size of the calf muscles in 
different individuals. In addition, previous workers have considered, from 
measurement of distances, that the tension in the tendo calcaneus is three 
times the resistance at the baU of the foot; the present method gives a more 
direct and more accurate result. 

Only the muscles which act through the tendo calcaneus are considered to 
be effective in producing ankle flexion. The tendons of the other muscles on 
the posterior aspect of the leg pass so close to the axis of the ankle joint that 
they act on that joint at an overwhelming mechanical disadvantage. Such 
is also the opinion of Eeys [1916], 

Since the power of a muscle decreases as the muscle shortens (von Schwaim’s 
law) and at the same time the physiological cross-section increases, it is 
ob'vious that the force per unit cross-section must decrease with shortenmg. 
Absolute muscle force, therefore, varies with the different positions of a 
muscle and should be defined as the series of maximum tensions produced by 
voluntary contraction per unit of physiological cross-section in all positions 
between the maximum and minimuni normal lengths of the muscle. The 
result has here been determined for one position of the calf muscles, since 
changes in the ankle joint angle are difficult to, measure ■with accuracy. 

SuMMABY 

1. Data obtained from hiring and preserved legs were used to determine 
(a) the maximum muscle force, (b) the physiological cross-section, and (c) the 
absolute muscle force of the ankle flexors in man. 

2. When the calf muscles Were half-way be^tween fuU extension and full 
contraction the maximum muscle force developed in the tendo calcaneus of 
six subjects was of the order of 438 kg. The physiological cross-section 
averaged 112'9 sq.cm., and the absolute muscle force was 3'9 kg. per sq.cm. 
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the. ACID-labile co^ in mammalian muscle 

AND THE pH OF THE MUSCLE FIBRE 

By E.' J. CONWAY aot P. J.,FEAR 0N 
The Department of Biochemistry, University College, Dublin 

{Received 7 December 1943) 

Wallace & Hastings [1942] a'nd Wallace & Lowry [1942] have obtained rela- 
tively high values for the COg content of resting manunahan muscle, which at 
first sight appear to be inconsistent with the theory concerning the distribution 
of ions in frog muscle, as presented' &om this laboratory [Conway & Boyle, 
1939; Boyle & Conway, 1941]. With their figure of about 11 mM./kg. of total 
CO2 in resting ma mm alian muscle, and allowing the free CO2 to be in approxi- 
mately equal concentration within and without the fibre, and the remainder 
of the total acid-labile COg to be HCO3, it follows that the ratio of HCOj 
concentrations across* the membrane would be far higher than that expected 
from a Dorman relation with the K concentrations. Therefore, either the 
mammalian muscle fibre has a very different electrolyte distribution and a 
different membrane permeability from that of frog muscle, or the fraction of 
the total CO, assigned by Wallace & Hastings to HCOj is much too high. It 
was decided therefore to investigate the nature of the total available COj m 
mammalian muscle. The solution to this problem has the further significance 
that it allows the pH. value inside the muscle fibre to be determined; for 
whatever fraction is shown to be' in truth HCOj within the fibre, this, in con- 
jrmction with the free COj, determines the pH, at least within the accuracy 
of the pK' figure. 

The following symbols are used in the calculations; 

[lF], = g. water per kg. serum, 

[TF],„=g. water per kg, muscle, 

[HCOa]^, [HCO3L, [HCO3]., [HC03]6=mM. HCO3 per kg. muscle, serum, 
extracellular fluid and whole blood respectively, 

[HC03]/u, = mM. HCO3 per kg. fibre water, 

[HC03]j„ = mM. HCO3 per kg. extracellular water, 

[HCOg]^ = mil. HCOj per kg. serum water. 



ACID-LABILE COo ' 

Similarly with the other ions, Na, Cl, K and H. 

[COJ„„- [COJ,, [COa]/„ and [COJ,,, ate likewise mM. free CO, per kg. muscle. 

serum, fibre water and extracellular water, 

[C0„ total]„,=the total acid-labile CO, per kg. muscle, 

[CO,, Ba sol.]„=the total'Ba-soluble CO, in muscle. 

The true HaCO, is cor^idered as included in the free CO, concentration. 


Methods 


ToUd acid-labile CO. in muidt. The animal was anaesthetized with ether, and then a ^rtmn of 
the abdominal muscle quickly excised, and introduced immediately into CO.-free K.OH m a , 
weighed round-bottom centrifuge tube, the cork being removed momentarily for the purpose. 
25 mb NI5 K.OH was used as a routine in a 60 mb tube with about S g. muscle. Unless the 
quantity of abdominal muscle was small it was cut as rapidly as possible into approximately 2 g. 
portions. The whole process of removal and introducUon occupied no more than 10-16 sec. from 
the time of sectioning the muscle. ^ 

With the leg muscle of rabbit or cat, about 10 g. were quickly excised and held over the KOH 
tube; quantities a few mm. thick were rapidly sectioned by sharp scissors and dropped into the 


alkalL 

The stopper was replaced, the tube weighed, and the contents well mixed. The whole was then 
placed m the refiigetator for an hour, being shaken several times throughout this period. 

The tube was then spun for a few minutes and 0-6 ml. volumes pipetted quickly into the outer 
chambers of Conway units (no. 2 size), already prepared with 0-2 ml. W/25 Ba(0H)j containing 
6 % B.D.H. universal indicator, in the central chamber, and 0-2 mb 2.V H.S0. in the outer 
chamber [Conway, 1939; O'Malley, Conway & Fitz(5erald,.l&13]. 

The titrations were carried out after an hour, with iV/bO HCl frum a Conway micro-burette 
[Conway, 1939], to a green end-point. 

The determinations were made in triplicate. The large standard" units (Conway unit no. 1) were 
also occasionally used with 2 mb extract, 1-3 ml. iV/iO, Ba(OH). in the central and 0-5 mb 
H.SO 1 in the outer chamber, with subsequent titrations of 1 mb vob removed from the central 
chambers into small tubes, using M/10 HCb 

Blank determinations were carried out in a similar manner, a volume of CO.-free water corre- 
sponding to the water content of the muscle being pipetted into the alkali, and carried through the 
whole procedure as for muscle. 

Calculation of mM. C0./kg. muscle. In the calculation it is assumed that the muscle contributes 
its water to the total fluid volume, the membranes being under the conditions freely permeable 
to all electrolytes other than protem which also escapes in a certain measme. The volume corre- 
sponding to 1 g. of muscle is thus , where 26 mb KOH solution is used. 

For the procedure described with the no. 2 units the following formula applies: 


mil. COJkg, muscle =0-0625a: ^ 

where i =large divisions on burette corresponding to the CO. absorbed, takhig the blank 
as zero absorption (each large division on the burette =0-01 c.c.) 

For the procedure with the no. 1, or standard units, the formula is 


( 1 ) 


reading 


mM. C0./kg. muscle =0 0S12r 

\ w 


)■ 


( 2 ) 


The Ba-solu61« fraction. This was deterinined in a similar wav but urinr f n 1 . 

in the micro-difiusion units 6 ml. vob of the alkaU extract were ninettS^" V f ? absorption 

.. .bou. 3000 tu, .. ta 00 uuu. F., 
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rabbits (0‘6 kg.) or goinea-piga, there was in nearly all cases no apparent opacity left after this 
centrifuging and there Tvas usually found to be extremely little on measuring with the Polhich 
Turbidimeter, the results being expressed in absolute values (using test-tubes and wedge illumina- 
tion). 

Toial COa in blood plasma. For this purpose the blood was collected under paraffin fiem a carotid 
cannula and centrifuged. 0-2 ml. vol. were pipetted into the outer chambers of Conway units 
(no. 2) with 0-2 ml. N/W Ba(OHj) with 6 % B.D.H. universal indicator and 0-5 mb Nfl HjSOj, 
in the outer chamber. The pipette used for the plasma was one delivering rapidly between two 
points. The procedure was controlled by similar deliveries of 0-2 ml. if/60 KHCO,. 

Chloridt in plasma. This was carried out by a micro-diffusion procedure [Conway, 1935, 1939]. 
Chloride in musde. The muscle was bubbled for an hour in 10 mL 1-9 % NsjSOj (anhydrons) 
per g. muscle. To 10 ml. of this extract in a 16 mh centrifuge tube 1 ml. 10 % tungstate and 1 ml. 
J HjSO^ were added, mixed and the precipitate separated by centrifuging. 1 mL voL of the clear 
fluid were used for the analyses by the micro-diffusion procedure [Conway, 1939]. The procedure 
was varied by using 1-3 ml. 20 % KT instead of 1 ml. as previously described, and removing 1 mL 
after 90 min. into a cell of the Spekker absorptiometer. 6 ml. water were added and mixed, and 
the readings controlled with iV/100^ HCl. 

The initial immersion and bubbling with 1-9 % NojSOj was found advantageous for mam- 
malian muscle, instead of the previously described method which was found useful for frog tissue*, 
since grinding the mammalian muscle with tungstate and f gave a flltrate, from which the 

Cl emission in the micro-diffusion units was delayed. In the calculation it was assumed that under 
the conditions all the muscle water was freely available fpr interchanges, and that the Cl had the 
same concentration within as without owingNfo the breakdown of the membrane system. For the 
abdominal muscle used, with interspace value of about 26 %, the maximum error that could 
take place on this assumption is 6 % and the actual error would usually be less. This was con- 
sidered sufficiently accurate for our purpose. 

Blood in musde. The ^f/6 KOH extracts i)Jl the blood from the muscle and probably small 
amounts of myohaemoglobin. The colour was compared with that of blood in j5f/6 KOH and 
suitably diluted. 

Water in musde. This was determined on weighed samples by heating for 12 hr. at 105° C. 

Eesults 

Rate of the alkali extraction of total COg frotn muscle 
In the method described for determining the total acid-labile COg in muscle, 
an hour was allowed for the alkali extraction. It will be seen from Fig. 1 
(experiments on very young rabbits, 300-600 g. wt.) that the extraction is 
practically complete after this time, and for the investigations to be described 
subsequently, the shortest extraction period possible was desirable — con- 
sistent with the removal of aU or nearly all the COg. 

The total acid-labile COg in mammalian. muscle 
Table 1 gives representativ^e data for the total COg for abdonunal and' leg 
muscle (as well as the Ba-soluble fraction and the opacity of the extract with 
BaClg after centrifuging 90 min. or more). 

For the rat abdominal muscle the mean total COg was 14‘8 mM./kg. (range 
of 13-4— 16‘9). For the eight young rabbits it was 11-4 with s.d. for the single 
observation of 0-7 (s.n. of mean = 0-3). For seven guinea-pigs it was 10-3 
with S.D. of 1-2. The mean for the leg muscle of eight rabbits wa.s 10-6 with 
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S.D. of 1-2 and for the leg muscle .of two cats it was 10-1 and 10-8 mil./kg- 
Comparing these values with those of Wallace & Hastings [1942] using a 
different method [Danielson & Hastings, 1939], the mean value for the leg 
muscle of the cat (taking their 14 control series) was 11-0 with s.d. of 1-3, 
agreeing very well, therefore, with the above results. 



Tig. 1. Time oorve of COj estraotioa from abdominal mnsolea of young rabbits (about 0-S kg.) by 
jV/ 6 KOH. Each point in general from one rabbit; two points obtained iritb some rabbits. 


The B&soluble fraction < 

The average values for the COg remaining on addition of 1 vol. saturated 
BaClg to 5 vol. of extract and spinning for 90 min. (occasionally much 
longer) at approximately 3000 r.p.m. were for the abdominal muscle of the 
rat, rabbit and guinea-pig, 8-0, 5-2, and 5-8 mil./kg. respectively (14-8 
11-4 and 10-3 mM./kg. being the corresponding values for the total CO„), and 
for the leg muscle of rabbit and cat the value was 7-0 mil./kg. (compared 
with 10-6 mM./kg. for the total COg). Thus under the conditions of the experi- 
ment more than half the total CO, is not precipitated by BaClg, which is pre- 
sumptive evidence that this fraction is not present in muscle as free CO or 
HCOg, or in the alkaline extract as COg ion. This conclusion has been proved 
by two independent procedures. 

(1) Effect of addition of KHCOg to the muscle extracts. To 5 ml portions of 
alkahne extract of the muscle small volumes of KHCOg solution (0-l-0-'> ml ) 
were added and mixed before adding the saturated BaCl a- 

m Table .. If the COg were not entirely precipitated it might be expected that 
gher values would be found for the analyses after centrifuging. In fact 
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Tabm 1. 




Total 

Turbi(lity of Ba 


Total CO, 
mM./kg. 

extract after 

1 

Animal 

Ba-soluble 

CO, 

' centrifugmg, 
absolute onEs 


Abdominal muscle - 


2 rats 

2 rats 

1 rat 

' 3 rats 

13- 4 • 

15-9 

14- 4 

7-4 

11-3 

7-9 

6-8 



3 rats 

16-4 

6-6 

0-009 

Mean 14*8 

. 8-0 


Young rabbit 

' 10-8 

3-4 

0-000 


10-7 

6-6 

0-000 


11-2 

6-3 • 

0-001 


12-5 

6-2 

0-027 


12-4 . 

4-6 

0-000 


11-4 

4-2 

0010 


11-8 

3-2 




10-7 

6-9 

0-000 


— 

6-5 

— 

Mean 

11-4 ±0-3 

5-2 ±0-4 


Guinea-pig 

(8-6) 

5-5 

0*002 


(11-1) 

6-5 

0-016 


(0-4) 

— 

— 


(10-3) 

4-9 

— 


(9-6) 

6-6 

— 


(IM) 

6-2 

/ 

- 

(12-2) 

6-2 

— 

Mean 

10-3 ±0-4 

Leg muscle 

6-8 ±0-3 

» • 

Young rabbit 

8-9 

7-5 




11-2 

9-1 

— 


12-3 

6-6 

0-000 


10-7 

6-4 

0-000 


9-3 

4-7 

0-007 

Grown rabbit 

11-8 

— 

Cloudy 


9-0 

7-2 

— 


11-3 

7-2 

— 

Mean 

10-6 ±0-4 

7-0 ±0-6 


Cat 

10-8 

9-0 

Cloudy 


10-1 

7-3 


Mean 

10-4 

8-1 


The brackets for total COj for guinea-pig abdominal muscle indicate that different animals were 
used for determining this quantity and for the Ba-soluble fraction. The turbidities listed give 
absolute values over the readings for the centrifuged control without BaCla which usually gave 

results not differing firom water. The i figures after the means give the s.d, 

. of the mean values. 


Table 2. 




Ba-soluble CO, in extract 

Amount of 
KHCOa added 



A 


t 

Before adding 

After adding 


KHCO, m-M./kg. 

KECOa mML/kg. as mM./kg. 

Animal Muscle 

muscle 

muscle 

muscle 

2 rats Abdominal 

7-4 

' 7-0 

10-5 


11-3 

10-2 

8-6 

Rabbit Leg 

7-2 

6-8 

4-0 

6-6 

6-0 

13-0 


4-3 

5-2 

6-0 


-1.7 

3-6 

5-3 


Rabbit 
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sliahtly lower values were found. AU the added HCO3 was precipitated as 
BrCOs, and apparently the extra bulk of the precipitate- brought down a 

little of the Ba-soiuble fraction. • . T-rrnn 

The mean value of the Ba-soluble firaction without adding KHCO3 was 
6-9 mM./kg., and after the addition of KHCO3 (corresponding to a mean value 
of 7-9 m]B./kg. muscle) it was 6-3 mM./kg. It then seemed possible that 
although aU the OOJ above a certain level is precipitated, yet some BaC03 

might stiU be held in suspension. , 

To test this, abdominal muscles of very young rabbits were evacuated in the 
cold for some hours to get rid of the major part of the total CO3. They were 
then extracted in the usual manner. Evacuation in the cold was chosen rather 
than at room temperature, since after 90 min. or 2 hr. at room temperature the 
physical consistence of the muscle is altered and after adding BaCB the extract 
remains markedly cloudy even with long centrifuging. Even after evacuation 
for some hours at 2—3° C. a certain change oTa similar kind is apparent. Table 3 


Table 3. Ertraot prepared &om abdominaUmnacle — evacuated in the cold 
for 21 hr. — of four young rabbits (O-3-O-o kg. body weight) 


Turbidity in absolute units 
KHCOj added Extract after BaClj addition 


Ba-soluble 

COa mil./tg. 

to extract 
as mM./kg. 
muscle 

/ 

Before 

After 90 min. 

muscle 

centrifuging 

centrifuging 

0.0 

0-0 

0-253 

0-019 

2-3 

1-9 

0-269 

0020 

3-1 

3-8 

0-289 

0020 

3-2 

5-5 

0-309 

0-006 

2-9 

7-4 

0-330 

, 0-022 

3-1 

9-2 

0-352 

0020 

2-8 

10-9 

0-301 

0-006 

2-8 

12-7 

0-358 

0 000 


shows the effect of the evacuation and of additions of KIICO3 o’! the Ba- 
soluble fraction. The initial Ba-soluble fraction was 2-2 mM./kg., and after 
additions of KHCO3 corresponding to 10-9 and 12-7 mM./kg. it was 2-8, the 
average of aU the analyses after adding KHCO3 being 2-9. This shows perhaps 
a slight increase after the addition but nothing comparable to the average level 
of 5-2 ihM./kg. for the Ba-soluble fraction in the extract of unecacuated muscle. 
It may be also attributed to the fact that BaC03 is not so easily precipitated 
from the alkaline extract of muscle which has been long standing. - 


(2) Turbidity studien. The centrifuged extracts after Bad. addition were examined, as described 
in the turbidimeter (Pul&ich), the turbidities being expressed in absolute terms. For abdominal 
m^le the turbidity measured was often less than 0-001, such extracts appearing quite clear to 
ordmary obse^ation. When compared in the turbidimeter with centrifuged control samples con- 
tauung no BaCl, there was usually no measurable difference in turbidity. The ouestion ther, « 
^to the tmbidi^prodneed by KHCO. additions to alkaline proteintluftoT^rs^b^rn^ 
additions. The most smtable solution for examination seemed to be the extract of eracLted 
aM^al mu^le in which everything was otherwise similar to the analytical conditions. Sev^ 
hours evacuation of the abdominal muscle in the cold brought the total acid-labile CO. to about 
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2 inM./kg. The niusole Avaa then extracted in the usual manner and the.KHCO, added in small 
measured volumes (0- 1-0-2 ml.) of standard'solutions to 6 ml. vol' of the extract (obtained from 
about 1 1 g. muscle in 50 ml. N /5 KOH). After mixing, 1 ml. saturated BaClj was added and again 
rapidly mixed. It may be noted that different turbidity conditions are obtained if the KHCO, 
additions are made after the BaClj addition. There is then present a fine flocculent precipitate, 
uhereas with the above procedure no flocculent precipitate is produced but rather a fine cloud. 



, mUr. COj/l. extract 

Fig, 2. Curves A and B represent turbidities of alkali extracts of evacuated abdominal muscle 
from young rabbits as described in text, after additions of KJSCO3 and then saturated BaClj, 
1 vol. to 5 vol, of extract. Curve Ai represents the A extracts after 6 min . centrifuging* 
Curve Bi represents the B extracts after 90 min. centrifuging. Curve C is for clear human 
serum freed of CO, and rendered alkaline to simulate the muscle extracts, KHCO3 added 
and then BaCl^ os for muscle. The dilution of the serum in the alkaline fluid before BaClj 
addition was about 1 in 5. 

Fig. 2 shows the results obtained in two such experiments (curves A and B). 
The remaining small amount of acid-labile CO2 in the muscle is here not con- 
sidered to be present in the extract as CO3, but the small amount of CO3 in 
the alkali itself is added on td the KHCO., additions. The abscissae give the 
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coflcentrarions of carbonate present and the ordinates the turbidities m 

absolute values. _ 

It trill be seen that the additions cause a uniform rise in turbidirv, at least 
up to the approximate level (dotted vertical line) of the Ba-soluble fraction of 
the total acid-labile CO, in the extracts of fresh muscle. The relation of increase 
in turbidity to increase in added CO, is nearly but not quite linear. The tur- 
bidity changes 0-10 in absolute units for a CO, addition corresponding to the 
leverof the Ba-solnble fraction of fresh muscle. As already noted the turbi^iy 
of the centrifuned extracts (unevacuated muscle) after BaCU addition is often 
inappreciable, averaging O-OOS for abdominal muscle, which was the muscle 
most examined. 

Curve in Pig. 2. shows the effect on the extracts used for curve (with 
BaCL, addition) of centrifuging for 5 min. The turbidity is stili relatively high, 
but there is now a slight fall with increasing ESC O 3 . Curve shows the effect 
on the B series of centrifuging for 90 min. Yery little turbidity is left and 
there is no difference for the increasing EiHCOs additions. 

Curve C 13 for clsar human serum dilated I in. 5 with A", 5 KOH, and which had previously teen 
j&eed of CO. by diVh t acidification and exposure for an hour in micro-diffatiDn nnits. 3 mh voL 
were taken and additions of KHCO, made as above with suhseguent BaCl, addition. It wtil be 
seen that the effect on the turbidity is very ti m tiar to that with extract of abdominal muscle. 

The results show clearly that the comparatively large Ba-solnble fraction 
of the total CO, in the alkaline extracts cannot be present as COJ. 


The nature of the Ba-soIuble fraction 

A large fraction of the total acid-labile CO, in muscle is Ba-solnble in alkaline 
media, and this at once suggests [Henriques. 1923, 1929, 1935; Paurholt, 
1924, 1925; ileldrum A Roughton, 1932, 1933; Ronghton, 1935] that it may 
he carbamino CO,. Now such compounds possess the characteristic properrv 
that around a pH of T-0, when the CO, tension falls, they are rapidly split, 
yielding free CO, . 

A series of observations on the effect of exposure of strips of the abdominal 
muscle of guinea-pigs (numbers of which were avadahle at the time) in vacuo 
were therefore carried out. The results of these experiments are sum-' 
marized in Pig. 3 (each point being the mean of 3-6 detenninations). It will 
be seen that both the total and Ba-solnble fraction show a rapid initial fall of 
2-3 mAI.,kg. after which the Ba-soluble fraction falls onlv very slowlv and is 
little more than’ halved after fall evacuation for 1 hr. at room temperature 
At and after 45 min. there is no appreciable difference between the curves of 
the total and the Ba-soluhle CQ,, so that all the free CO, and HCO' has then 

of the Ba-solnhle fraction may not be carbamino CO,. The mean value of the 
sum 01 the free CO^ and HCOj in the abdominal muscle of the gninea-p4 ft 
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10-3 ±0'4 minus 5-8 ±0-4. i.e. 4-6-±0-6 (see Table 1). For rabbit abdominal 
muscle It 13 11-4 ±0-3 minus 6-2 ±0-3, i.e. 6-2 + 0-4, and for the leg muscle of 
the rabbit it is given by 10-6 ±0-4 minus 7-0 ±0-6, i.e. 3-a±0'6. 



Time of evacuation (min.) 

I'ig. 3. Alcan curves of CO| content of abdominal muscle of young guinea-pigs after evacuation 
for varying periodg. Upper curve gives the totol acid-labile CO,.' Lower curve gives the 
barium-soluble CO,. Each point is for 3-0 analyses. Each guinea-pig was used to supply 
data for two time periods. 


TJie ratio of HCOg concentration in muscle as a whole to HCOj 
content of serum compared with similar ratio for chloride 

To determine this ratio for abdominal muscle we have the following data 
from Table 4. 

The ratio [C1],„/[C1]3 for rabbit abdominal muscle = 26-6/99-6 = 0-267, and 
the ratio [HC 03 ]„,/[HC 03 ], = 6-3/19-4 = 0-273. (The HCOj value is obtained 
from Table 4 by subtracting the Ba-soluble fraction from the total acid-labile 
CO.,, and then a further 0-9 for the free COj in solution in the total muscle 
water. In calculating plasma HCOj, 1-0 is allowed for the free COo.) For the 
guinea-pig, assuming'the same value for the free COo in serum, etc. 

[HC 03 ]„,/[HC 03 L = 0-186, and [Cl] J[CI], = 0-208. 

The ratios for Cl~ and HCOg are thus the same within the sapiphng error. If 
the interspace volume be calculated from the chloride analyses, assuming no 
chloride inside the fibres, there could be no intracellular bicarbonate, but such 
a method of Interspace calculation, though giving values near to those actually 
found, is theoretically unsound [Conway & Boyle, 1939; Boyle & Conway, 
1941]. How the true interspace volume, etc., may be calculated from chloride 
analyses is shown below. 
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‘Tissue’ 

Plasma 


Tablet 


Symbol 

ir. fg./ks.) 

[CO-, total] 
[CIL 

ra. 

pH 


Value of symbol 


Rabbit Guinea-pig 

92-t (A) ' — 

•’O-T(S) - — 

99-5 (10) 109T) (S) 

T-9 (5) — 

7-4 — 


Whole blood 
Muscle (abdominal) 


Muscle (leg) 


If s (g-/kS-) 

[HK 

[Cl];, 

(g-.tg-I 
[CO., total], 
[CO., Ba-soL], 
lai; 

Blood (g./kg.) 


Ifr. 

[CQj, total], 
[COj, Ba-soL]„ 
[Cll„ 

[K], 

Blood (g. kg.) 


S17 (A) 

To (A) 
82 (A) 

7S2 (5) 

11- t (S) 
5-2 (9) 

26-6 (7) 
23 (S) 
767 (5) 

10-6 (S) 
7-0(7) 

12 - 1 ( 6 ) 
111 (C) 

25 (5) 


771 (5) 

10-3 (7) 

5-S (6) 

22-7 (5) . 

29 (5) 

767 (5) 


2T (5) 


All values as mM.^tg., unless otherwise stated; The symbol [Cl], means mM. chloride/kg. plasma 
and [K.], means mAt potassiam/tg. muscle and similarly for the other symbols. IT, and IT, 
mean g. water/tg. plasma and muscle. Figures in brackets give numbers of analyses. (A) r^ers 
to Abderhalden’s data [1899], and (C) to Constantino’s [1911]. 


The pH within the muscle fibre 

The value may be first calculated without implying a Donngn relation across 
the membrane. 

In the Henderson-Hasselbalch equation (as given in equation (■!)) [COJjFjj. 
and [HCOa]^ are the concentrations of free CO, and HCO 3 within the fibre 
(the very small value of HoCOs may be neglected). A value of pK = 6 -l may 
be assumed, as the ionic strength within the fibre will probably not differ 
markedly from that of blood plasma. 

To calculate we need to know the value of the intercellular space 

and this must he obtained independently of the chloride data. Por the leg 
muscle of the rabbit we have the inulin ratio [Conway k FitzGerald, 1942] 
innlin kg. muscle „ ^ . 

mhiiu,kg : plasma ilanery & Hasnngs [1939] found for radioactive 

sodium (^Na) a ratio of 0-086 with the gastrocnemius muscle of the rabbit- 
.Hahn, Hevesey & Rebbe [1939] obtained a very similar value of 0-085. 

The interchange with radioactive is a in such experiments is no doubt 
entirely extracellular, and it is not surprising that the inulin value should ' 
be slightly lower, as some Xa may he held by fived anions m the 
sarcolemma. 

But, taking the sodium ratio as 0-086 for the extracellular water this apart 

from the blood in muscle, may be calculated as foUows. In the calculation the 
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mean water content of rabbit leg muscle is considered to be 767 g./kg. muse 
and the water in serum to be 920 g./kg. 

. If it be supposed that in 1 kg. of leg muscle there are x kg. of extraceUui 
fluid in addition to y kg. of blood, then 

[Na] external to the fibres = 0-99a; [Na]j,j,+y [Na]j 

= 0-99a: [Nal,^, + 0-5y [Na]j,. 

Here it is taken, in agreement with Wallace & Hastings [1942], that 1 kg. 
extracellular fluid contains 0-99 kg. water, and that the sodium per kg. whi 
blood — [Na];,— ^is approximately half that per kg. sermn or 0-6 [Na]j. 

Now [Na]„p may bg taken as [Na]^ x (0-96/0-92), where 0-96 is the Donn 
ratio and 0-92 is the water content of the serum. Using these values as well 
0-025 found by us for the blood in the excised leg muscle of the rabbit, and t 
figure 0-086 above, x is foimd from equation (3) to be 0-075. 

The extracellular fluid, apart from blood, is therefore 0-075 kg./kg. muse 
The water content of this is 0-99x0-075 — 0-074, add ^e water content 
0-025 kg. blood is 0-025 x 0-77 = 0-019. The total extracellular water is therefc 
0-074 + 0-019 = 0-093; and the intracellular water 

0-767-0-093 = 0-674. 

To determine the HCOj content of the intracelliflar water it is necessary 
assess the HCOj and free COg in the spaces outside the fibres and the free C' 
within the fibres. Now 

[HCOa]^^, (mM. HCOj/kg. of the serum water) = 21-0, 

and therefore [HCOg]^ (mM. HCOg/kg. of extracellular water) =21-0 x I-' 
= 22-1. Also, [C02]g,„ = l-1, and since the solubility coefficient of CO^ 
0-553 ml./g. serum water, 0-540 ml./g. extracellular water and 0-692 ml./ 
intracellular water [as given by Wallace & Hastings, 1942] then [COjJeu, 
free COa/kg. extracellular water) = 1-08, and [COJ^,), (mM. free COB/kg.) = l’l 
Since the total COg content of the serum is 20-4 mM./kg. (Table 4), that 
whole blood may be taken as approximately 17 mM./kg. From the value of tl 
total COj content of muscle apart from the Ba-soluble .fraction (that is, &0; 
10-6-7-0 = 3-6 mM./kg.) we must subtract then the following to obtain tl 
HCO^ content of the fibre water: 

' 0-075x1-08 ... free COg in extracellular fluid other than blood, 

0-075 X 22-1 ... HCO3 in extracellular fluid other than blood, 

■ - 0-025 X 17 ... total CO3 in the blood in muscle, 

0-674 X 1-18 ... free CO, in the flbre water (or extracellular fluid) 

=2-96, 
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ao that 3-6 -2-96 =0-6 mM. HCOj ia left dissolved in 0-674 kg. water, or 
[HC 03 ]yu,= 0-6/0-674 =0-9. Prom the Henderson-Hasselbalch equation 

^,H=^)K'-logi-i, (4) 

the mean value of the in^cellular j)H = 6 -l -log l-2/0-9 = 6-0. No great 
exactness can be clauned for this figure, owing to the relative magnitude of 
the total interspace COj, and of the Ba-soluble fraction inside the muscle fibre. 


Calculation of the pH mthin the muscle fibre from the apjilication of the Donnan 

principle and assuming a membrane permeable to K, H, Cl a7id HCO 3 ioiis 

From the Donnan relation, the ratio of the potassium activities across the 
membrane should be the same as the ratio of the hydrogen activities, and in- 
versely as the chloride and bicarbonate activities. Since we are dealidg with 
univalent electrolytes, we may without much error substitute the ratio of the 
concentrations. Also, to simplify the presentation, the concentration of the 
inorganic electrolytes in the extracellular fluid may be taken to be the same 
as in the plasma water, since any small differences from these values would 
contribute no appreciable extra accuracy to the calculations, besides beiag in 
themselves of rather uncertain value. From the Donnan relation 


Also, 


[^]/io_C5]/u 


fKt _ [gL-^x[g]«u,-0-025[Klb 
1- V 0-767-3-0-026x0-77 ’ 


(5) 

(6) 


where [K]^u„ [K](, are the mM. K/kg. of fibre water, of muscle, 

of serum water and of whole blood respectively; ‘s’ is the volume of inter- 
space water other than blood, which latter is 0-025 kg./kg. muscle (0-77 times 
this value, giving the water content) and 0-767 is the amount of water per kg. 
muscle from Table 4. Therefore, from the data of Table 4 




111-3x5-3-0-026x45 
*0-767-3-0-019 
110-5-3S 
0-748-3 ’ 


so that (from equation ( 6 )) 


[S]/ui — 


11*0 — 5-33 
0^748-3 


10 - 7-1 

‘FT’ 


(7) 

( 8 ) 


There remains then to calculate ‘.s’, 
from blood. It may be determined 


the value of the extraceUular water, apart 
by using the following relation: 


[K]n.x[Cl],„,=[K]^x[ClU 


(9) 


PH. cm. 


19 
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when the value of [K]/„ is inserted from equation (7), and [Clh„ (as in equa- 
tion (11), similar to [Ei]^„,) is determined, as follows: 


rCll 0-026 [Cl], 

0-767 -s- 0-026 X 0-77 ■ 

_ 12-2 - s X 108 - 0-026 x 82 
0-748 -s 
_ 10-1 -108s 
0-748 -s ’ 

whence, from equation (9), 


( 10 ) 


from which 


110-6-3S 
0-748 -s ^ 


10-1 -108s 
0-738 -s 


=6-3x108, 


• s= 0-071, 


( 11 ) 


which is very similar to the 0-076 value obtained above from direct analyses. 
Inserting this value for ‘s’ in equation (8) 


and the pH. value = 6-9, or, if we consider the pH value as the negative 
logarithm of the H ion activity (to correspond to equation 6 above) the value 
is slightly raised and becomes 6-0. 

Here again no great exactness can be claimed for the result, but it is pro- 
bably within +0-1 pH, and agrees well with the previous calculation, based 
directly on the bicarbonate system. 

Similar calculations, applied to the data for the abdominal muscle of the 
rabbit, give a pH within the fibres of 6-0, which is similar to that of the leg 
muscle. 


Discussion 

Pa-soluble CO^ in muscle 

The total COj liberated and escaping after acidifying muscle may be termed 
acid-labile COg; as shown here, only the smaller part of this total in mam- 
malian muscle is in the ionized HCO3 or in the free CO2 form, the greater part 
being Ba-soluble in alkaline media. 

The proofs of the reality of the existence of a Ba-sol,uble fraction of such 
magmtude, and that BaCOj is not merely suspended or protected froin pre- 
cipitation by the proteins, have consisted in the quantitative precipitation of 
small amounts of COg added as KHCO3 to ‘the alkaline extract before the 
addition of the BaCLj , as well as by turbidity studies of the centrifuged samples, 
and turbidity effects produced by HGO3 additions to evacuated muscle 
extracts. The proof obtained from the turbidity study alone would appear con- 
clusive for the abdominal muscles of guinea-pigs, very young rabbits aild rats. 
The alkali extracts of leg muscles of fully grown rabbits and cats, when treated 
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th BaCL, show some turbidity after centrifuging, though this is no reason 
c suppoJng that such turbidity is caused by BaCOg, since as with ab^^al 
oscle this is quantitatively precipitated when smaU volumes. of KHOU 3 
.lutions are added before the BaCl^. Evidence has been presented m the 
aper that the greater part of this Ba-soluble fraction may be in some form 
fcher than carbamino CO,. 

The pH viside the muscle fibre 

It will be seen that the nature of the acid-labile GO, in mammalian muscle 
as determined in these experiments altogether invalidates the pH calculation 
made by Wallace & Hastings, their calculated value o.f 6-93 ± 0-12 being nearly 
one whole unit of pH too high. The true value appears to be approximately 6‘0, 
and is thus practically the same as that calculated for frog muscle, i.e. 5-9 
[Boyle & Conway, 1941]. 

The calculations of the H-ion concentration from the study of the bicarbonate 
system are in agreement with a Donnan relation across the membrane for 
K+, H+, Cfr and HCO 3 and such a relation for K+ and Cl~ has been demon- 
strated for very wide changes of these ions in frog muscle [Boyle & Conway, 
1941].'^ Supporting evidence for mammalian muscle is given by Wilde [1943] 
and Darrow [1944]. It is also of interest to note that a value of 6-0 was found 
by VlSs [as quoted by Rous, 1925] for frozen and ground mouse tissues by 
various physico-chemical methods, and a figure as low as 5-6 by Rous [1925] 
from intravital staining of voluntary muscle in mice with the minimum 
disturbance of the living tissues. 


The 'permeability ofi the muscle fibre to HCO 3 


In previous communications the principle was demonstrated for frog muscle 
(and it has also been found for gland tissue as will be described later) that the 
cell membrane i)i general is permeable both to cations and anions but there are size 
limits for these ions. Na, Mg and Ca are excluded as ions, though they obtain' 
entrance into cells, probably in unionized organic combination. On tbe other 
hand the muscle is not permeable to the larger anions, such as those of the 


phosphate esters, but is freely permeable to chloride and very probably to 
HCO3. The permeability to HCO3 throws open to any particular group of 
cells the whole HCO^ buffering of tbe internal medium. The evidence broa</ht 
forward by WaUace & Hastings [1942] and Wallace & Lowry [1942] for the 
impermeability of the muscle membrane may now be considered. 

(o) Working with the leg muscles of cats they .state, ‘the intracellular 
bicarbonate remams relatively unchanged despite wide changes in the extra- 
ceUular bicarbonate and it is concluded that the muscle cell is normallv im- 
permeable to the bicarbonate ion’, ^ 


19—2 
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With the membrane permeable to HCO J the concentration- of this ion in the 
fibre water is only about 1 mM./kg. Doubling the external concentration out- 
side (other .things being equal) only raises it to approximately 2 mM./kg., or 
from 0-7 to 1-4 mM./kg. whole muscle. The increase due to the interspace 
water will be at the same time about 2 mM./kg., so that altogether the total 
COj wiU increase about 3 mM./kg., which corresponds almost exactly with the 
mean results described. , ■ ■ ' 

(b) The evidence advanced from experiments described in a subsequent 
paper by Wallace & Lowry [1942] is essentially similar in type. In these 
■ experiments the abdominal muscle of the rat was equilibrated in vitro with 
solutions contaming very varying amounts of HCOj and CO2’ with httle 
variation in the COj tension. They state, ‘when the COg pressure remained 
constant and the bicarbonate ion concentration in the equilibrium fluid was' 
increased from 0-0 to 8-7 rnM . per litre, the intracellular bicarbonate ion con- 
centration remained nearly constant’. Seeing that they measured the extra- 
cellular fluid by means of chloride data, on the assumption that the muscle 
membrane was impermeable to this ion, no other result could be expected — 
the bicarbonate ion in the fibre so calculated should be constant no matter 
what the external changes — but it should be zero. What was measured as 
apparent bicarbonate ion was the Ba-soluble fraction of the total COg and 
it is not surprisiag from the results in the present paper that this appeared 
to be largely independent of the external conditions. Such experiments 
therefore of Wallace et al. provide no real evidence for the impermeability 
of the muscle fibre membrane to HCO3. ' > 

SUMMAKY 

1. The total acid-labile COg in muscle was determined by aUrah extraction 
and subsequent COg'determination by a micro-diffusion method. It was found 
to be 14-8 + 0-6 mM. /kg. for the abdo min al muscle of the rat, 10-3 ± 0-4 mM./kg. 
and 11-4 + 0-3 mM./kg. for the abdominal muscle of the guinea-pig and rabbit 
respectively, and 10-6 + 0-4 mM./kg. for the leg muscle of the rabbit. 

2. The bariiun-soluble fraction of this total COg amounted to 8-0 + 0-3, 
5-8 ± 0-5, 6-2 ± 0-6 and 7-0 ± 0-5 mM./kg. for the abdominal muscle of the rat, 
guinea-pig and rabbit and the leg muscle of the rabbit respectively. (The ± 
values give the s.D. of means.) 

.3. In the method for determining the barium-soluble fraction it was shown 
that no appreciable amount of BaCOg was held in fine suspension or protected 
from precipitation by proteins from the fact that HCO3 as KHCO3 added 
to the alkaline extract was precipitated quantitatively; also by turbidity 
studies. The latter were most satisfactory ■with abdominal muscle or leg muscle 
of rabbits of about 0-6 kg. body weight. 
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i. Allo\ring for the small amount of free carbon, dioxide in the barium- 
insoluble fraction, it is shown that the ratio of bicarbonate concentration in 
muscle to that in plasma is the same as for chloride. 

5 . The pH inside the muscle fibre as determined by the Henderson-Hassel- 
balch equation applied to the bicarbonate system is 6 - 0 . 

6 . The pH of the muscle fibre determined firom the Dorman principle 
applied to a membrane permeable to Kr, H~, Cl~ and HCO 3 is likewise 6'0. 

Our are due to the Irish iledical Research Councd for apparatus purchased by a grant 

in aid. 
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the action of adrenaline and of CHOLINE- 

ESTERS ON THE UTERUS OF THE SHEEP 
By J. a. GUNNj From the Nuffield Institute for Medical Research, Oxfojfd 
{Received 16 December 1943) 

AVien the uteri of different species of animals are compared with regard to 
their responses to adrenaline, surprising differences are manifested for which 
it IS difficult to suggest any evolutionary causation or any present functional 
value. Those differences are more conspicuous if the state of the uterus in 
regard to pregnancy is taken into account. 

Langley [1901] showed that adrenaline had a motor effect on the uterus of 
the rabbit whether pregnant or non-pregnant. Later, Cushny [1906] and 
Dale [1906] independently showed that, in the cat, the uterus responds 
differently to adrenaline or to sympathetic stimulation according to its func- 
tional condition, the pregnant uterus responding to either of these conditions 
by contraction, the non-pregnant uterus by relaxation or inhibition. 

In the rat Gunn & Gunn [1914] described a third type of innervation, for 
in this animal the uterus is inhibited by adrenaline both when in the pregnant 
and non-pregnant condition. They found the same type of innervation in the 
guinea-pig. Sugimoto [1913] had found that adrenaline inhibited the isolated 
pregnant uterus of the guinea-pig, but that, with the pregnant uterus in situ, 
intravenous injection of adrenaline produced contraction. Gunn & Gunn, 
however, found that, both in the rat and guinea-pig, adrenaline relaxed the 
pregnant. uterus whether the organ was exsected or in situ. 

There are, therefore, three known types of uterine response to adrenaline, 
exempUfied by the rabbit, cat and rat as shown in Table 1. A fourth possi- 

Table 1. Action of adrenaline 

Animal Non-pregnont uterus Pregnant uterus 

Rabbit Motor Motor 

Cat Inhibitor Motor 

Rat Inhibitor Inhibitor 

Sheep Motor Inhibitor 

bUity remained, however unlik ely it might be, namely, a uterus which would, 
be stimulated by adrenaline when non-pregnant and inhibited when pregnant. 
The main object of this paper is to show that such a type of response to 
adrenaline occurs in the uterus of the sheep. A search of the literature failed 
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to discover any previous investigation of tlie responses of the uterus of the 
sheep to adrenaline. Indeed the sheep’s .uterus has rarely been used for any 
pharmacological investigation. 

Methods 

All experiments were done on the exsected uterus. The apparatus used was 
of the usual type employed for isolated organs. 

The glais cvlinder containing the uterus measured 50 c.c., and was fed through a coiled narrow 
glass tube of a capacity of over 100 c.c., also contained within the copper water-jacket, so that 
the uterus could be twice washed without any change of temperature of the le>cke s solution. 
Standard Locke’s solution without glucose was used. In some later eiperiments a modification 
devised bv Dr Scott Russell in this department was used, in which a larger cylinder of 100 c.c. 
capacity was employed and the glass rod used to fix one end of the uterine strip had two hooks 
at right angles by means of which there could be recorxied the contractions and responses of 
two strips, which! being contained within the same cylinder immersed at the same time, were 
throughout the experiment under identical conditions as regards time, temperature, nutrient 
solution, oxygen, etc. 

Matertat. 

Four non-pregnant and fonr pregnant uteri were examined. 

The non-pregnant uteri were obtained from the slaughter-house. The organs were removed 
immediately after the animals were tilled, and conveyed to the laboratory in a s mall thermos 
pitcher containing cooled Locke's solution. The pregnant uteri were obtained from animals at 
full-term which were being naed for other experiments in this department. 

Strips, measuring about 1 x J in. were cut from the uterus. Some strips were tested forthwith. 
Parts of the uterus, reserved for later examination, were kept in the cold store and strips tested 
on following days. Xo qualitative changes in response were found in uteri so kept for up to 
i days. 

Eesults 


Action of adrenaline 

iS on- pregnant uterus. The non-pregnant sheep’s nteins is stimulated by 
adrenaline, as shown by a rise of tone, with, usually, an increased frequency 
of the individual contractions. A typical response induced by adrenaline, 
1 in 5 X 10®, is shown in Fig. 1. Of the four non-pregnant uteri examined, 
one was known to be a virgin uterus. Segments of the body of this uterus 
were definitely less sensitive to adrenaline than segments of a uterus which 
was known to have been previously parous. The latter gave pronounced motor 
response with 1 in 1 x 10'^ and definite though less marked response with 1 in 
5 X 10'. 


Examination of a large number of segments from four non-pregnant uteri 
sugge^s the following conclusions: The response of the exsected nompre<mant 
sheeps uterus to adrenaline is invariably motor; no segment showed an 
inhibitory response. This motor response is always eUcited by solutions of 1 in 
1 X 10® or by ^onger solutions. The lowest dilution to give a definite response 
IS 1 m o x 10 . Weaker solutions have no effect. A parous non-pregnant uterus 
seems to be more sensitive to this action than a virsiin uterus wud 

FaUopian tube than the body of the uterus ’ • 
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Pregnant uterm. Four uteri were examined, all of them from sheep due for 
normal parturition within a day of .the removal of the uterus. 

In its response to adrenaline, the pregnant uterus of the sheep shows a 
sharp contrast to. the non-pregnant uterus, as it is invariably inhibited by 
adrenaline. A typical result is shown in Fig. 2, where the tone of the muscle 
was relaxed and the contractions completely inhibited by a solution of adre- 
naline 1 in 6 X 10®. All ranges of stronger solutions display this inhibitory 



Fig. 1. - Fig. 2. 

Fig. I. (In all tracings contraction of the uterus is recorded by the upstroke of the lever.) 
Non-pregnant uterus. At A, adrenaline, I in 6 x 10*, shelving motor effect of adrenaline. 

Fi^. 2. Pregnant uterus. At A, adrenaline, 1 in 6 x 10*. Showing inhibitor efiFeot of adrenaline, 
with rapid recovery on replacement by Locke’s solution at L jS. 

effect. With some segments a complete, but transient, inhibition was obtained 
avith solutions so weak as 1 in 2 x 10®. The pregnant sheep’s uterus is, therefore, 
as compared with smooth muscle in other organs, one of the most sensitive 
to the action of adrenaline. 

An analysis of the tests made on a large number of uterine segments 
with different concentrations of adrenaline showed that the pregnant 
uterus responds to much lower concentrations than the non-pregnant 
uterus. 

Only uteri at full term have so far been available for investigation. In the 
meantime it is, therefore, not possible to say at what stage of pregnancy 
the response of the uterus of the sheep changes from a motor to an inhibitory 
one. ' 
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5ig. 3 sho^s tte responses of a pregnant and 

contained in the same glass cylinder m of the 

naline 1 in lx 10®. produced a complete inhibition of the movements of t 

Iri a^d a sustained couttactiou of tbe uou-pteguaut utetus. Tta 



Fig. 3, Upper tracing = pregnant uterus; lower tracing = non-pregnant uterus. Both s 
the same container. At A, adrenaline 1 in 1 x 10*. Showing inhibitory effect on the p 
and motor effect on the non-pregnant uterus. 


tracmg shows that the inhibitory action of adrenaline oh the non-prt 
uterus is not confined to low dilutions; also that the differences in t 
sponses to adrenaliue of the non-pregnant and pregnant uteri are not 
differences in the enthronmental solutions because in this case both ntt 
been throughout the experiment under the same conditions as regards I 
solution, temperature, oxygen, etc. 
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Action of some amines related to adrenaline 
E'pTxedrine. The actions of ephedrine were qualitatively similar to th 
adrenaline. The non-pregnant uterus was stimylated and the pregnant i 
inhibited. An example of the latter effect is shown in Fig. 4, E. 

Tyramine (p-hydroxy-phenylethylamine) and ^-phenylethylamine di 
from adrenaline in stimulating the pregnant uterus. This action was, hov 
feeble even with a solution of 1 in 2 x ICH. The difference in action o 
part of these amines, whereby they stimulate a uterus which is inhibit 
adrenaline, recalls a similar difference observed with some other derivi 
of phenyl-ethylamine which stimulate the uteri of the rat and guin( 
though these are inhibited by adrenaline [Gunn, 1939]., 



Fig. 4. Pregnant uterus. Showing inhibitor effect of ephedrine, 1 in 6 x 10* at F; motor ( 
of carbachol, 1 in 6 x 10* at C, reipoved by atropine 1 in 1 x 10* at Atr. 


Action of some choline-esters 

Stimulation of the pelvic nerve has a feeble and uncertain motor ei 
if any, on the uterus; nevertheless, inost uteri react to acetylcholine and 
effect so produced is a motor one. Thus Agar [1940] found that, in the exse 
uterus of the sexuaUy" inimature guinea-pig which is inhibited by adrena 
a concentration of acetylcholine of 1 in 2 x 10’^ to 1 in 6 x 10® produced a 1 
contraction. 

Though the primary object of this investigation was to determine 
responses of the sheep’s ’uterus to adrenaline, some experiments were 
made to establish the nature of the responses to cholinergic stimulation. Tl 
experiments were sufficient to show that acetylcholine produces contrac 
of the sheep’s uterus, whether pregnant or non-pregnant. There seems tc 
greater differences in sensitiveness of different individual strips, especiall; 
the pregnant uterus, to acetylcholine than to adrenaline, some strips respo 
ing to 1 in 1 X 10®, whereas others required a concentration of nearer 1 in 1 x 
An example of the latter finding is illustrated in Fig. 6, where acetylcho, 
1 in 1 X 10’ produced no marked effect, but 1 in 1 x 10* produced a rise of t 



adrenaline on the uterus of the sheep 29o 



ilg. 6. Pregnant nterua. Showing almost no effect of acetylcholine 1 in 1 x 10^ at A-Ci, motor 
effect of acetylcholine 1 in 1 x 10* at A-C., and inhibitory effect of adrenahne 1 in 1 x 1(P 
at Adr. 



Pig. 8. Pregnant goat’s uterus. Showing inhibitor effect of adrenaline 1 in 5 x 10’ at J 
with rapid recovery on replacement by Locke’s solution at L^. 
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and increased frequency .of contractions. This particular segment was, howevef, 
normally sensitive to adrenaline which caused; in a concentration of 1 it 
1 X 10®, complet.e inhibition of the uterine movements. 

. Carbachol (carbamylcholine chloride), as was to be expected from its known 
resemblance to acetylcholine, also stimulated both pregnant and non-pregnant 
uteri. Fig. 4 shows the powerful motor effect of carbachol, 1 in 5 x 10*, on 
the contractions of a pregnant uterus, previously inhibited by ephedrine. 

Action of adrenaline on the pregnant uterus of the goat 

The opportunity arose of examining the response to adrenaline of segments 
of the exsected uterus removed from a goat at f ull term of pregnancy. Adre- 
naline produced complete inhibition in a concentration of 1 in 5 x 10® (Fig. 6), 
and defimte relaxation of the uterus was produced, in other segments by a 
concentration so low as 1 in 2 k 10®. So far as can be gathered from experi- 
ments on one animal, therefore, the response of the pregnant uterus of the 
goat is identical with that of the sheep. The non-pregnant uterus of the goat 
has not yet been examined. 

SUMMABY 

Experiments were made on the exsected uteri of four non-pregnant and four 
pregnant (full-term) sheep. 

1. Adrenaline stimulates the contractions of the non-pregnant uterus, but 
inhibits those of the pregnant uterus. The uterus of the sheep shows a type 
of response to adrenaline differing from that hitherto described in any species 
of animal. The pregnant uterus responds to much lower concentrations of 
adrenaline than does'the non-pregnant uterus and, as it may react to a dilution 
so low as 1 in 2 X 10®, is one of the most sensitive of aU forms of smooth muscle 
to the action of adrehaline. 

2. Ephedrine acts qualitatively like adrenaline in contracting the non- 
pregnant, and inhibiting the pregnant, uterus. Tyramine and ^-phenyl- 
ethylamine feebly 'contract the uterus both in the pregnant and non-pregnant 
condition. 

3. Acetylcholine and carbachol stimulate the contractions of both pregnant 
and non-pregnant uteri. 

4. The exsected uterus of one pregnant (full-term) goat whs examined an 
its response to adrenaline was found to bo qualitatively and quantitatively 
similar to that of the uterus of the pregnant sheep. 
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LIBERATION OF HISTAMINE DURING REACTIVE 
HYPERAEMIA AND MUSCLE CONTRACTION IN MAN 

Bt G. Y. AXREP, G. S. BAPvSOUil, S. SALAMA axd Z. SOUIDAY 

From the Physiological Laboratory, University of Cairo, Egypt 

[Received 22 January 1944) 

» ■« 

Barsonm A Gaddum [1935 a], ^rorking on dogs, foundAhat the histamme 
equivalent of venous blood collected from a limb during reactive hyperaemia 
increases above normal; it reaches a m a sii n nm immediately on release of 
the circulation after tthich it rapidly declines. Anrep A Barsonm [1935] 
obtained a similar effect by severely restricting the arterial blood supply to 
the gastrocnemius muscle without completely arresting the circulation. 
Barsonm A Smirk [1936], repeating these experiments on man, observed a 
two- to four-fold increase of the histamine concentration in the plasma after 
a 10-20 vnin obstruction of the circulation of the arm, the histamine content 
of the blood corpuscles remaining in most experiments unaltered. The authors 
conclude that liberation of a histamine-like substance during circulatory 
arrest accounts at least in part for the hyperaemia. Marcou, Comsa A 
Chiriceano [1937] found a small increase of histamine in venous blood during 
the first minute after release of an arterial obstruction of a limb in man. 

Recently, Kwiatkowski [1941], also working on man, failed to obtain anv 
evidence of histamine release during reactive hyperaemia; he found no change 
in the histamine content either of the plasma or of the corpuscles. In view 
of the importance of this problem for the understanding of the nature of 
reactive hyperaemia we undertook to repeat these experiments with the object 
of finding the cause of the conflicting results obtained by the previous 
observers. 

Methods 

Our experiments were made on normal subjects or on patients suffering &om 
minor surgical disabihties. The preparation of the blood extracts and the 
estimation of histamine were made by the method of Barsonm A Gaddum 
[19356], To separate the plasma, the blood was either heparinized or collected 
in paraffined syringes and centrifuged in cooled paraffined tubes. 

The subject was made to rest for about half an hour before the experiment 
-After withdrawing one or two samples of venous blood &om one arm, to 
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serve as a control, a sphygmomanometer cuff was placed ronnd the other 
arm and inflated to above the systolic pressure for 10-20 min! The needle of 
the syringe was mserted into the vein a few seconds before the release of the 
circulation, and the flrst blood ‘sample was collected as exactly as possible 
between the 6th and 30th sec. after the release. In many experiments a 
second and a third sample wns collected between the 60th and 90th and 
between the 120th and 160th sec. respectively. 

Most previous observers collected the blood samples after releasing the 
pressme in the cuff to zero. Kwiatkowski, in some experiments, released it 
to 40 or 60 mm. Hg. This was done in order to prevent the blood from leaving 
the limb dining the period of reactive hyperaemia and to avoid the excessive 
dilution of the blood which had been in contact with the tissues during the 
circulatory arrest. Since no evidence was provided that this object was 
achieved we decided to investigate in pre limina ry experiments on animals 
the effect of venous compression upon the extent am^ duration of the reactive 
hyperaemia. 

Effect of 'partial venous compression upon the reactive hyperaemia. The expen- 
ments were made on dogs anaesthetized with chloralose and injected with 
chloralose-fast pink (O-l g./kg.) to prevent coagulation: The femoral artery 
and vein were dissected for a length of about 3 cm., and a steel band 0'6 cm. 
in width was passed round the leg under the blood vessels. A cannula was 
inserted into the peripheral end of the femoral vein after which the steel 
band was tightened so as to obstruct all the collateral communications. The 
emerging blood was made to pass through an artificial resistance of the type 
used in the heart-lung preparation and to enter a reservoir the top of which 
was coimected with a volume recorder. The reservoir was periodically emptied 
of blood which was then reinjected into the animal. A manometer inserted 
between the artificial resistance and the leg registered the venous pressure, 
while the arterial pressure was measured with a mercury manometer which 
was adapted to record also the maximum-minimum pressures. The records 
so obtained did not represent the systolic and diastolic pressures of the animal, 
but the maximal pressure variations including those caused by the respiration. 

In order to study the effect which a rise of venous pressure has on the , 
reactive hyperaemia, the resistance on the venous outflow was varied in the 
different experiments between zero and a pressure midway between the 
maximal and the minim al arterial blood pressure. The artery was compressed 
for 10 min. and the venous resistance was adjusted to any desired height 
about 1 min , before the release of the circulation. Care was taken to prevent 
the cooling of the limb during the arrest of the circulation. The blood flow 
dming the period of hyperaemia was compared with the resting blood flow 
as measured with a completely free venous outflow before the artery was 
compressed. After the decompression of the artery the venous resistance was 
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mamtained for not more than 3 min. Only those experiments were considered 
in which occlusion of the femoral artery led to a. complete cessation of the 
outflow of blood from the vein, showing absence of collateral connexions. The 
arterial compressions were repeated at intervals of 10-16 min. after the return 
of the blood flow to normal. The results of a typical experiment are given in 
Table 1. 


Table 1. Dog. 9-6 kg. Duration of each arterial compression, 10 min. The maximal-minimal 
arterial blood pressure was measured shortly before the compression, of the artery 


Maximal- 
^ minimal 
arterial blood 


Maximal 


pressure 


Normal 
blood 
flow in 


Blood flow during reactive hyperaemia in o.c. 
in consecutive periods of 30 sec. 


pressure m 
mm. Hg • 

in 

mm. Hg 

c.c. per 
30 aec. 

^1 

2 

3 

4 

145/118 

0 

12-0 

79-6 

561 

36-2 

26-5 

145/118 

04 

11-0 

67-1 

40-7 

27-0 

19-6 

140/118 

88 

10-5 

51-3 

36-8 

22-6 

17-1 

135/116 

106 

10-6 

280 

19-6 

16-6 

13-8 

132/112 

120 

10-0 

12-9 

10-8 

7-6 

6-1 

The -effect of increased 

venous 

resistance upon the by 


6 

19-9 

16-2 

13-2 

94 

• 1-2 


15-8 

14-6 

11-2 

5-7 

3-6 


than expected. Thus, with venous pressures 118, 64, 30 and 10 mm. Hg below 
the minimal arterial blood pressure the blood flow during the first 30 sec. of 
the hyperaemia was 6-6, 6-0, 6'0 and 2-7 times respectively above the normal. 
The increase of the blood flow was abolished only by raising the venous 
pressure above the minimal arterial pressure. 


On applying these results to man, in order to prevent the blood flow from 


increasing during the initial stages of the hyperaemia above the resting level, 
the venous pressure should be raised above the diastolic pressure of the 
subject. Venous pressvues of 40-60 mm. Hg, as used by KwiatkowsM, would 
not be sufficient to prevent the blood from leaving the limb. In view of this 
conclusion two series of experiments were performed on the human subject. 
In the first, the blood samples were collected after complete decompression 
of the sphygmomanometer; ;n the second, the collection was made after re- 
leasing the cuff to a pressure slightly below the systolic pressure. 


Results 

Obsermtions with complete and partial decompression 

The experiments with complete decompression were made on five subjects. 
The venous blood was collected between the 5th and 30th sec. after release 
of the sphygmomanometer, whfle the control blood samples were taken from 
the other arm either during or shortly before the period of arterial com- 
pression. The results of ten observations are given in Table 2 
It can be seen from Table 2 that the histamine equivalent of the plasma 
collected unmediately after the release of the circulation is in every exneri- 
ment increased above that of the normal plasma. In a few experiment^the 
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Table 2. Showing the effect of 20 min. arterial compression on 'the histamine equivalent of tie 
plasma and corpuscles of the venous blood collected between the 5th and 30th sec. after 
complete release of the sphygmomanometer. The histamine equivalent is given in gg. of 
‘ histamine acid phosphate per c.o. 

Histamine equivalent of venous blood in ng./o.o. 


Normal Reactive hyperaemia 


Subject 

Plasma 

Corpuscles 


/ 

Plasma 

Corpuscles 

1 

0-025 

0-13 


0-036 

0-12 

1 

0022 

0-12 


0-032 

0-11 

2 

0-005 

0-10 


0-010 

0-09 

2 

0-007 

0-08 


0-013 

0-09 

3 

0-016 

0-13 


0-020 

0-13 

3 

0-014 

0-12 


0-022 

0-12 

4 

0-009 

0-14 


0-013 

0-16 

4* 

0-007 

■ 0-11 


0-015 

'0-13 

6 

0-008 

0-13 

4 

0-013' 

0-14 

5* 

0-008 

0-14 


0-016 

0-16 


* The pressure in the cuff was released in the experiment on subject 4 to 40 mm. and in 
subject 6 to 60 mm Hg. 


histamine concentration is as much as doubled, in most the increase is less. 
The results of the two observations in which the cuff was released to 40 and 
60 mm. Hg respectively do not differ from the rest. 

The experiments with partial decompression were made on four subjects, 
two of whom had served in the preceding series of observations. After the 
subject had been allowed to rest and his blood pressure had been measured, 
his arm was compressed for 10 or 20 min. At the end of the compression the 
cuff was released to a pressure slightly below the systohc pressure and the 
blood samples were collected as before between the 5th 'and 30th sec. after 
the release. The results of eight observations are given in Table 3. < 


Table 3. Showing the eflfect of arterial corapresaion, on the histamine equivalent of the plasma 
and corpuscles of the venous blood collected between the 6th and 30th sec. after the 
release of the sphygmomanometer to a pressure 'slightly below the systolic pressure of the 
subject. The histamine equivalent is given in fig. of histamine acid phosphate per c.c. The 
normal blood samples were collected with a free venous tlood flow 


Histamine equivalent of venous blood 
in fig./c.c. 

A_ — — 

Normal 


Blood 

' pressure 
Subject in mm. Hg 
3 130/ 86 

3 130/ 82 

6 125/ 72 

6 120/ 70 

6 160/100 

G 146/ 96 

7 116/ 70 

7 116/ 70 


Pressure 


in ouflf at 

Duration 

time of 

of com- 

collection 

pression 

in mm. Hg 

in min. 

120 

20 

- 120 

20 

100 

20 

100 

20 

140 

10 

130 

10 

96 

10 

100 

20 


Plasma 

Corpuscles 

0-016 

0-14 

0-013 

0-19 

0-007 

0-14 

0-008 

0-12 

0-011 

0-21 

0-018 

0-24 

0-013 

0-07 

0-015 

O-IO 


Reactive hyperaemia 


Plasma 

Corpuscles 

0-070 

0-16 

0-066 

0-18 

0-028 

0-16 

0-032 

0-12 

0-022 

0-23 

0-033 

0-24 

0-020 

0-08 

0-067 

0-10 


It can be seen on comparing Tables 2 and 3 that the increase in the histamme 
equivalent of the plasma coUected with partial decompression after a 10 mm. 
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circulatory arrest is approximately the same as that of the plasma collected 
with a free venous outflow after a 20 min. compression of the artery. The 
plasma histaimne of the blood coUected with partial decompression after 
20 min. of axterial occlusion is increased 4r-5 times above normal; with com- 
plete decompression the increase was less than double. No change in the 
histamine concentration of the corpuscles was found in the experiments with 
partial or complete decompression. 

The duration of the increased liberation of histamine 

In the preceding experiments the blood samples were taken immediately 
after the end of the arterial occlusion. In order to determine the length of 
time during which the plasma histamine remains increased above normal, 
second and third blood samples were collected 1 and 2 min. respectively after 
the release of the circulation. The results of the experiments performed^ on 
four subjects are given' in Table 4. Two observations were made on each 
subject at an interval of a few days; in the first, the blood was collected with 
complete and, in the second, with partial decompression of the arm. 


01 tune alter 


Table i. Histamine equivalent of the plasma colleoted at different intervals — 

complete and after partial decompression of the arm. The arterial occlusion was in every 
experiment 20 min. The histamine equivalent of the corpuscles iB.omitted from the table 
as presenting no points of interest. The normal blood samples were collected with n free 
venous blood flow 




Pressure 

in oTiff ati ^ 

HiBtamine equivalent of plasma 

in pg./o.c. 


Blood 

time of 


Reactive hyperaemia 


pressure 

collection 


1 : 

A 


Subject 

in mm. Hg 

in mm. Hg 

Nornial 

6-30 sec. 

60-90 sec. 120-160 sec. 

1 

— 

0 

0024 

— 

0-022 

0-022 


126/85 

115 

0 022 

— 

0-040 

0-032 

2 

— 

0 

0006 

0 009 

0-005 

0-006 


115/70 

105 

0 006 

0-029 

0-012 

0-008 

3 

— 

0 

0012 

0-018 

— ■ 

0-011 


136/86 

126 

0 009 

0-048 

0-018 


7 

— 

0 

0016 

0-028 

0-016 



120/75 

106 

0013 

0-066 


p-017 

A comparison of 

the results obtained 

on each subject shows that \vith i 


r voii uc uoueoueu m samples 

coUected 1 min. after decompression of the arm. On the other' hand, when 
the venous outflow is restricted the plasma histamine remains above normal 
for as long as 2 min. after the release of the artery. SimUar restriction of the 
venous blood flow for 3^ min. not preceded by a period of arterial occlusion- 
cause no change m the histamine concentration of the plasma. 

It follows- from these experiments that the histainine produced by the 
tissues during the penod of ischaemia is rapidly washed out unless the blood 
on IS greatly restricted. With a free circulation the plasma histamine returns 
normal long before the end of the hyperaemia. This suggests that the 
PH. cm. 


excess 

20 
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histamine appearing in the blood diffuses from the tissues into the capillaries 
dming. the period of the circulatory arrest and that probably no further 
diffusion takes place after the re-establishment of the circulation. 

Liberation of histamine during muscular contraction 

Having obtained evidence of histamine release during reactive hyperaemia 
in- man we proceeded to investigate if a similar release can be detected in the 
human subject during muscular contractions. The experiments were made 
with the same techmque as those on the reactive hyperaemia, except .that 
the arrest of the circulation in the arm was continued for only 2 min. The 
sphygmomanometer cuff was inflated to above the systoHc pressure and the 
subject was told to make fifteen vigorous contractions of his hand and forearm 
at the rate of one contraction each 2 sec. The contractions were timed to begin 
on the 60th sec. of the arterial compression and to end 30 sec. later. At the 
end of the 2 min., i.e. 30 sec. after the last contraction, the pressure in the 
cuff was released to slightly below the systoUc pressure of the subject, and the 
venous sample was collected in the usual way between the 6th and 30th sec. 
after the decompression of the artery. The same procedure was foUowed'.in 
the control experiments, which were usually performed on another day, except 
that the arm retnained completely relaxed. The results obtained on two 
subjects are given in Table 6. 

Table 6 . Showing the effeet of arterial oompression for 2 min , with the arm at complete rest 
and with fifteen vigorous contractions made between the 00th and 00th sec. of compression. 
The normal blood samples were collected with a free venous blood flow 

Pressure Histamine equivalent in pg./o.c. 

in cuff at , — ' ■ ' 

Blood time of Norninl Active 

pressure collection , * \ ( j ' 

Subject in mm. Hg in mm. Hg Plasma Corpuscles Plasma Corpuscles 


3 

J130/ 90 

120 

0015 

0-140 

0-013 

0-140 

arm at rest 

1126/ 82 

116 

0012 

0-120 

■ 0-014 

0-120 

3 

J 140/106 

130 

0014 

0-140 

O-OCO 

0-130 

16 coatrootiona 

1130/ 90 

120 

0-012 

0-130 

0-085 

0-140 

■ 8 

J108/ 08 

96 

0010 

0-026 

0-011 

0-022 

arm at rest 

(110/ 70 

96 

0-009 

0-029 

0-010 

0-029 

8 

(110/ 70' 

96 

0-012 

0-030 

0-075 

0-070 

16 contraotipns 

1110/ 70 

96 

0-010 

0-028 

0-060 

0-000 


It can be seen from Table 5 that when the arm is at rest occlusions of the 
circulation for 2 min. were insufficient to bring about a detectable change m 
the histamine equivalent of the venous blood. Similar occlusions of the circu- 
lation ' during which fifteen contractions of the muscles were made by the 
subject led to a conspicuous increase of the histamine equivalent of the 
plasma in subject 3, and of the plasma and corpuscles in subject 8, The increase 
was even greater than’ that which follows occlusion of the artery for 20 min. 
with the arm at rest. 
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Subject 8 presents a special interest as being the only subject in rrbom tbe 
corpuscular histamine increased ' above normal in most experiments with, 
muscular contraction and arterial occlusion. An explanation of this apparent 
exception is provided by the observations of Anrepr Barsoum, Talaat & 
Wieninger [1939 a], who showed that histamine added to shed blood is not 
taken up by the corpuscles unless its concentration in the plasma exceeds 
that of the corpuscles. When this occurs the histamine becomes equally 
distributed between plasma and corpuscles. S imil ar conditions obtained in 
subject 8. TTis corpuscular histamine was so low that after muscular con- 
tractions the plasma histamine increased above that of the corpuscles. As in 
experiments in vitro the excess histamine became equally distributed between 
the two, phases of the blood. 

Our observations are in accord with the results obtained on animals which 
show that the increase of the blood flow [Lewis & Grant, 1926] and the 
increase of the histamine concentration in the venous blood are much more 
conspicuous during muscular contractions than after occlusion of the artery 
[Anrep. Barsoum, Talaat & Wieninger, 1939?)]. 


Effect of venous congestion 

Reactive hyperaemia is evoked not only by a temporary occlusion of 
the artery but also by prolonged venous congestion. With the latter, the 
hyperaemia is shorter and less conspicuous than that following a complete 
arrest of the circulation of equal duration. The cause of the hyperaemia is 
undoubtedly the same in both conditions, namely, a reduction or arrest of 
the blood supply, the changes in the venous pressure being only of incidental 
interest [Lewis & Grant, 1926], Anrep & Barsoum [1935] found that diminu- 
tion of the blood flow in a muscle to about half of the no rma l is accompanied 
by a steady hheration of small amounts of histamine. Table 6 shows that 
venous congestion, if considerable, evokes a liberation of histamine also in 
the human subject. 


Tabu; 6. The sphygmomanometer cuff was inflated to below the diastoUc pressure of the subject 
The blood samples were taken after 20 min. of compressioa without releasing the cuff The 
two eiperimenta on each subject were made with an interval of a few days. The subjects 
were the same as in the ewperiments given in Table 5. The normal blo<jd samples were 
collected with a free venous blood flow ^ ^ 


Subject 

3 


Histamine equivalent in ng.lc.c. 


Blood 
press are 

Pressure 
in cuff in 

Xonnal 


Venous 

V 

congestion 

in mm. Hg 
130 90 

135, 95 

110,70 

115/75 

mm. Hg 

50 

9n 

40 

TO 

Plasma 

04)07 

04)00 

04)09 

04J12 

Corpuscles 

0-120 

0-100 

04)29 

0-0-24 

Plasma 
. 0-009 

0-02S 

0-011 

04)36 

Corpuscles 

0-130 

0-110 

0-029 

0-040 






20—2 
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A 20 min. compression of the arm with a pressme 30—40 mm. Hg below the 
diastolic pressme of the subject caused no obvious change in the histamine 
concentration of the blood. On the other hand, when the compressing pressure ' 
was raised almost to the height of the di^tolic pressme, the histamine of the 
plasma increased in both subjects about three times above the normal. As 
in experiments with muscular contractions the histamine equivalent of the 
corpuscles of subject 8 increased, to become equal to that of the plasma. 
Venous congestion of short dmation had no detectable effect on the histamine 
of the blood. 

Discussion 

The experiments described in this communication confirm and extend our 
previous observations made on animals. In the human subject, as in the 
dog, conditions accompanied by a relatively deficient circulation lead to a 
liberation of measmable amounts of histamine. During the large increase of 
the blood flow which foUows a period of ischaemia the histamine containing 
blood is greatly diluted with fresh blood and is rapidly washed out of the 
limb, the histamine equivalent retur nin g to normal within the first minute of 
the reactive Hyperaemia. 

The increase in the histamine equivalent of the blood is rendered more 
conspicuous when the blood flow, during the period of the hyperaemia, is 
prevented from increasing above normal by compressing the veins with a 
pressure above the diastolic pressure of the subject. - Venous compression with 
40-60 mm. Hg, as used by Kwdatkowski, is insufficient since it does not greatly 
affect the blood flow during the initial stage of the hyperaemia. When the 
blood flow through the arm is controlled, an increase in the histamine of the 
plasma can be found as late as 2 min. after the onset of the hyperaemia. 

The failure of Kwiatkow?ki’s experiments to demonstrate a hberation of 
histamine during reactive hyperaemia was probably due to an insufficient 
control of the blood flow through the arm and to the collection of the blood 
samples at a time when the liberation of histamine had already ceased. 

Vigorous muscular contraction of short duration is accompanied in man, as 
in the dog, by a release of histamine which is considerably larger than that 
following arterial occlusion of the same duration. There is no reason to suppose 
that the cause of histamine liberation by the contracting muscle is different 
from that operating during arterial occlusion or venous congestion. In all 
these conditions there is a relative local deficiency of circulation. The liberated 
histamine must be considered as one of the factors which readjust the balance 
between the metabolic requirements of the tissues and their blood supply. 
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StnijiAST 

1. Muscular contraction, arterial occlusion and prolonged venous congestion 
in the human subject are accompanied by a release of histamine^by the tissues. 

2. The release of histamine is rendered more conspicuous by controlling 
the circulation during the period of the hyperaemia by raising the venous 
pressure above the diastolic pressure of the subject. 

3. In most subjects the histamine increases only in the plasma; in subjects 
with a low histamine equivalent of the corpuscles the histamine increases in 
plasma and corpuscles. 

4. The reasons of Kwiatkowski’s failure to demonstrate a liberation of 
histamine during reactive hyperaemia ate discussed. 
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EMULSIFICATION OF FAT IN THE INTESTINE 
OF THE RAT AND ITS RELATIONSHIP 
TO ABSORPTION 

By A. C. FRAZER,* J. H. SCHULMAN a 2 jd H. C. STEWART* 
From the Pharmacology Deyarlment, University of Birmingham, Colloid 
Science Bepartnimit, University of Cambridge, and Physiology 
Department. St Mary’s Hospital Medical School, London 

{Received 31 January 1944) 

Until the end of the last century it was generally accepted that, fat was 
absorbed from the intestine in a state of fine division without previous hydro- 
lysis. Pfliiger [1900] opposed this view and suggested that hydrolysis was an 
essential preliminary to absorption and that the fatty material was absorbed 
in a state of molecular dispersion as soap. The necessity for hydrolysis is still 
maintained by Verzar & McDougaU [1936], who regard the absorption of 
unhydrolysed triglyceride as an impossibihty. They, however, in putting 
forward a lipolytic hypothesis do not accept saponification as a mechanism 
of absorption of fatty acid, but postulate the formation of a diffusible complex 
of fatty acid with bile acid. It has been shown by Frazer [1943 a] that fat 
and fatty acid behave differently during and after absorption, and that 
lipolysis may be a determining factor in the destination and fate of absorbed 
fatty material [Frazer, 19436]. These findings have been explained by the 
partition hypothesis, according to which triglyceride is only partly hydrolysed 
prior to absorption. The object of this communication is to put forward 
evidence which indicates a possible mechanism of absorption of unhydrolysed 
triglyceride. 

Methods and materiaxs 

Animals. Throughout these experiments, adult rats from our own breeding 
stock were used. 

Materials. The chemicals used in these experiments were olive oil B.P., 
oleic acid (redistilled), liquid parafSn B.P., sodium oleate (B.D.BL), pure 
anhydrous sodium carbonate, sodium glycotaurocholate (B.D.H.), and glyceryl 
monostearate. 

* Sir Halley Stewart Besearch FelJow. 
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Emulsification. The emulsions used in these experiments were prepared 
with the apparatus described by Frazer & W/dsh [1933], The dispersion was 
very uniform, the average paxticle diameter being less than 0-5 p. The details 
of their composition are fully described in the text. 

The examiaation of possible emulsifying systems was made by simple 
test-tube experiments using paraffin or olive oil as the dispersed and buffer 
solutions as the continuous phase. The substances .under investigation were 
added to the appropriate phase before mixin g. 

The criteria applied in the assessment of a satisfactory emulsifying system , 
for intestinal absorption were : 

(i) The occurrence of spontaneous emulsification on mixing without agita- 
tion. 

(ii) The formation of fat globules averaging 0-5p or less in diameter after 
20 shakes. 

(iii) Stability of the emulsion over a period of 3 hr. 

The size and stability of the resulting emulsions were checked in each 
case by microscopical study with dark-ground illumination. The pH deter- 
minations were made throughout these experiments with the glass electrode, 
and KHaPOi/NaOH buffer Vas used. 

Experimental procedure. The animals were fed whenever possible intra- 
gastrically. Emulsions stabilized with sodium oleate cannot be injected into 
the stomach as the acid causes breaking of the emulsion. Such emulsions 
were injected directly into the duodenum, and for quantitative studies 
pyloric and ileal ligatures were used. These Kgatures were applied with great 
care to avoid any unnecessary manipulation of the intestine, and from control 
experiments it was found that this procedure did not cause any gross inter- 
ference with absorption during the experimental period. In aU cases the 
animals were starved for 24 hr. before the experiment was begun and, if an 
anaesthetic was required, ether was used. The animals rapidly recovered from • 
the anaesthetic and the operative procedure and appeared quite normal 
throughout the experimental period. The amount of absorption in each case 
was determined by analysing the residual contents of the intestine. This was 
done by connecting the down arm of a reflux condenser with the intestine 
so that the alcohol-ether mixture ran through the lumen of the gut. In 
addition to residual analysis, the absorption was checked by frozen sections 
of intestinal cells. 

Results 

Emulsification in the intestine 

o administered intragastrically to a rat and the animal 

blled 3-^ ^ later, the fat m the small intestine was found to be in a very 
finely divided state. The size of the particles was less than 0-5 p, diameter. 
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and the emulsion appeared to be stable for several hours. If, on the other 
band, paraffin is administered to a rat, emulsification does not occur and the 
g 0 ules vary in size from about 10 ft up to large piasses of &ee oil. The fine 
emulsification of obve oil has been observed in more than 100 rats, and gives 
rise to the characteristic wbite appearance of the intestine in -a nim als killed 
3-6 hr. after ingesfion of olive oiL 

Absorption of emulsified paraffin from the intestine 
The following emulsions were prepared : , . - 

(a) 60 % paraffin emulsion stabilized with equimolecular amounts of chole- 
sterol and sodium ole&te, the latter being formed in situ- at the oil/water 
interface. The final oleate percentage was 2% and the average particle 
diameter was about 0-5 fi. 

(b) 60% obve oil emulsion stabilized as in (a) and having the same degree 
of dispersion and stabibty. 

(c) 60 % paraffin emulsion stabilized as in (a), but not so finely dispersed. 
This emulsion contained many particles of 1—2 ft or more in diameter. 

(d) 60 % paraffin emulsion stabilized with equimolecular amounts of chole- 
sterol and sodium cetyl sulphate. The concentration of sodium cetyl sulphate 
was 2 % . The average particle diameter was less than 0-6 fi. 

In this group of experiments 120 rats were used. The emulsions were ad- 
ministered by intraduodenal injection, and the amount of absorption in each 
rat was determined by residual analysis after 6 hr. The absorption was also 
checked histologicaUy in a number of cases. Unemulsified paraffin was in- 
jected in one control group. The average results compiled from each group 
of experiments are shown in Table 1. 


Table 1. Absorption of emulsified paraffin firom the intestine 

Amount 

Percentage of 
oil or parafSn 


No. of 

absorbed 

gjven which 

jdateriol injected 

esperimenta 

mg. 

was absorbed 

Fine paraffin emulsion (a) 

50 

163 

36 

Fine olive oil emulsion (b) 

30 

172 

33 

Coarser paraffin emulsion (c) 

16 

73 

11 

Finer parafljn emulsion (d) (cetyl sulphate) 

16 

228 

43 

Unemudsified paraffin 

10 

Nd* 

Nil* 


These figures represent the average obtained in the number of individual experiments quoted- 
In every series of experiments an emulsion aliquot was analysed to check the amount of oil or 
paraffin administered. The experimental period in all cases was 0 hr. 

* The amount recovered corresponds in the unemulsified paraffin group with the amount 
a dminis tered within the limits of an experimental error of i5%. 

In vitro eofiperimeiits on emtdsijication 

The object of this group of experiments was to investigate the possible 
emulsifying systems that might be effective in the intestine. The substances 
studied include bile salts, fatty acid, soap, cholesterol and monoglyceride. The 
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intetrelafcioa betweeu these possible factors and the effects of change of the 
pH of the continuous phase was also studied. 

The pH of the contents of the upper part of the small intestme is said to 
he 6-5 [Kostyal, 1926; Kobinson, 19353- In a series of esqieriments, using 
eighty rats and determining the pH with a capiUary glass electrode, we found 
that this was the usual reaction of the intestinal contents in rats just after 
killing with coal gas. K precautions were taken to prevent the rapid passage 
of stomach contents into the duodenum at the time of death, rather higher 
readings were obtained, but they were not particularly significant in the 
problems of emulsification, as the reaction may certainly be more acid than 
pH T'5. From our experiments, it appeared that the pH of the intestinal 
contents varied over a range from 6*5 to 8‘0. We have never found a more 
acid reaction than pH 6‘3. We have, therefore, studied the emulsifying systems 
over a pH range of 6-0-8-5, which adequately covers the physiological range 
in the small intestine. The pH of all mixtures was checked by glass electrode 
at intervals throughout the experiments. 


(1) Singh factors 

Bih salts. 1 % bile salts lowered surface tension to some extent, but they 
were found to be poor emulsifying agents throughout the pH range of 6-8-5; 
There was no spontaneous emulsification and the average partjcle size was 
greater than 2p. The stability was very poor, and the emulsion started to 
break immediately. Increase of concentration above 1% caused further 
deterioration in emulsifying action. 

Fatty acid and soap. Soap causes a marked decrease in interfacial tension, 
especially if fatty acid is in the oil phase and alkali in the water phase [Donnan, 
1899]. A considerable difference in emulsifying properties was found between 
preformed soap and soap formed in situ at the oil/water interface. Thus if 
oil was added to a 1% preformed solution of sodium oleate, there was no 
spontaneous emulsification, and after agitation the particles exceeded 2p in 
diameter, and stability was poor. If oleic acid was added to the oil phase and 
sodium carbonate to the water phase in amounts equivalent to the sodium 
oleate in the previous experiments, spontaneous emulsification occurred on 
mixing the two phases. Agitation resulted in the formation of particles with 
an average diameter of about 0-5 ft and stability was good. 

In studying the effects of change of pH in the water phase, soap' must be 
considered with fatty acid, since both exist in varying proportions at different 
points m the pH range. With a pH of 8-5 spoptaneous emulsification occurred 
with fine dispersion and good stability, bub at more acid pH there was no 
spontaneous emulsification, and dispersion and stability became progressivelv 
worse. It was possible to improve emulsification a little by the addition of a 
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large excess of oleic acid, but even so it was not possible to demons 
satisfactory emulsification at pFL 7-5 or less. . ' 

Cholesterol. Cholesterol alone had no emulsifying action. 

Glyceryl monostearate. Glyceryl monostearate added to the oil phase 
rise to no spontaneous emulsification. On agitation some emulsificatioi 
curred, but the particle size was greater 'than 2/x, and stabfiity was i 
Monoglyceride in the absence of an ionizing agent favours the formatic 
a water-in-oil emulsion. 


(2) PaireA interrelationships 

Bile salts/oleic acid. Bde salts' gave some emulsification of oleic acid 
agitation, which was more effective in acid media. The size of the par 
was greater than 2;a, and stability was poor. The combination of bile 
with oleic acid did not, however, give any improvement in its emnlsil 
action on triglyceride or paraffin as compared "with the action of oleic 
alone. The effect of pH change was identical wfith oleic acid alone or witl 
oleic acid/bile salt complex; emulsification was only effective at pH 8'6. 

Soapjcholesterol. If cholesterol was added to the oil phase, more satisfa( 
lemulsification occurred with preformed soap than when this substance 
used alone. Both dispersion and stability were much improved. That thi: 
due to the formation of a soap /cholesterol complex was demonstrated by thi 
that cholesteryl esters actually inhibit emulsification [Schuhnan & Cock 
1940]. The combination of cholesterol with soap did not, however, signific! 
alter the deterioration in emulsifying action in more acid pH than 8‘6. 

Oleic acidimonostearate. With this combination, emulsification was imprc 
and spontaneous emulsification with fine dispersion occurred at pH 7 6 
a more acid' reaction, the emulsifying effect rapidly deteriorated, and 
emulsifying effect of oleic acid/monostearate showed no improvement 


. oleic acid or monostearate alone at pH 6. ^ 

Bile salts /monostearate : Bile salts j cholesterol : Cholesterolj monostearate. 
these various combinations no change or improvement in emulsifying ac 
can be demonstrated over the effects obtained with the substances used su 


(3) Triple interrelationships 

Bile saUsloleic acidiglyceryl monostearaie. If oleic acid and monoglyce 
were dissolved in the oil phase, and bile salts were added to the. water p 
mi-iring resulted in spontaneous emulsification throughout the pH range 
The particle diameter averaged less than 0'6p., and stability was exce 
The emulsification deteriorated if the concentration of bile safe was incre 
above 1%, and it improved with increasing concentrations of oleic acid 
monoglyceride up to 20 and 12 % of the oil phase respective y. e pos. 
significance of these concentrations is being further mves iga 
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Bile acidloMc acid j cholesterol and oleic acidicholesteroljmonoglyceride. These 
combinations showed no improvement upon the effects obtamed with the 
corresponding paired substances. The experiments on emulsiMng systems 
are summarized in Table 2. 


Tt-pT-r 2. A comparative study of possible inte stin al emulsifying systems 


Emulsifying systems pH 6-0 

1. ' Bile salts ~ 

2. Oleic acid (soap) “ 

3. ilonostearate ~ 

4. Cholesterol ~ 

5. Bile salt/oleic acid - 

6. Oleic acid/monostearate - 

7. Soap; cholesterol - 

S. Bile salts/monostearate - 

9. BUe salts cholesterol - 

10. Cholesterol; monostearate ^ - 

11. Oleic acid/bile salts/monostearate — t- 

12. Bile salt/oleic acidlcholesterol — 

13. Oleic acid, cholesterol/monoglyceride — 


6-5 70 7-5 SO S-5 

_ _ _ _• _• 



- Ko emnlsificatioa. 

- Emulsification on agitation; particlsa average more than 2p. 

Some spontaneous emulsification: particles on agitation eiceed an average of Ip. 

Spontaneous emulsification; dispersion of particles less than 0-5p average. 

* Efect probably due to soap impurities. 

Effect obtained with excess oleic add. 


Discussion 

K unhydrolysed fat is to be absorbed from the intestine, it must pass through 
the membrane of the intestinal celbeither in a state of molecular dispersion^ 
as a diffusible complex, or in a state of fine emulsification. ^Vith regard to 
the two former methods of absorption, there is at present no evidence' to 
suggest that triglyceride fat can be readily dispersed in molecular division in 
an aqueous medium by any of the agents known to be in. the intestine. The 
molecular absorption of triglyceride by the intestinal cell has also been 
objected to on theoretical grounds [Davson & Danielli, 1943]. Bile salts form an 
association with fatty acid, but no complex-forming substance has so far been 
found which would render triglyceride fat freely diffusible. It seemed probable 
therefore, thit fine dispersion as an oil-in-water emulsion might be the form 
in which unhydrolysed triglyceride fat is absorbed. 

It is apparent from the first group of experiments that fat is in fact very 
finely emulsified in the small intestine. K a rat is fed olive oil and killed 4 hr 
later, the smaU intestine is found to be filled with a white milky material 
which on further examination can be shown to consist of finely dispersed 
negatively charged globules of olive oil, with an average diameter of less than 
0-5 p. The size of these emulsion particles is similar to that of the fat globules 
seen m the mtestmal ceU, and of the chylomicrons found in the blood at the 
height of fat absorptioa. 
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The second group of experiments deals with the absorption of paraffin from 
the intestine. It is well known that parafSns are not readily absorbed. TMs 
has been attributed to the fact that the paraffin molecules cannot be changed 
■ by hpolysis, and that paraffin does not form a diffusible complex with bile 
salts. Our experiments indicate that paraffins can be absorbed in amounts 
comparable with olive oil administered imder similar conditions. It is essen- 
tial, however, that the paraffin, should be finely emulsified so that the particles 
are less than 0-6ya in diameter. There does not appear to be any significant 
difference between the absorption in a 6 hr. period of finely dispersed nega- 
tively charged particles of paraffin or olive oil. The experimental evidence 
also indicates the importance, of the degree of dispersion of the oil phase. 
It is suggested that the reason for the non-absorption of unemulsified paraffin 
lies in the fact that paraffin is unable to provide its own emulsifying me- 
chanism. The significance of the lack of hydrolysis of paraffins in this connexion 
will be more apparent when the nature of the emulsifying mechanism is 
discussed later in this paper. 

The absorption of finely dispersed paraffin emulsion may perhaps be corre- 
lated with the findings of Baker [1942], who, working independently,' has 
investigated the structure of the free border of the epithelial cells of the 
intestine in vertebrates. He finds that the free border consists of three layers, 
a superficial layer next to the lumen of the intestine, 'which is pierced by 
pores ; a canal layer containing spindle-shaped canals running at right angles 
to the surface which are continuous with the pores of the superficial layer, 
and a granular layer next to the cytoplasm of the cell. The diameter of these 
canals he estimates to b.e about 0-5/i. They are well shown in numerous 
microphotographs in his paper, but are even more convincing in the actual 
preparations. Such a structure may be of significance in the -passage into the 
intestinal cell of fine fat globules, the diameter of which is known to be rather 
less than 0-6/a. The various factors which may be concerned in the passage 
of these charged particles through such canals have yet to be determined. 

Having shown that finely dispersed emulsions of an unhydrolysable ma 
terial can be absorbed, and that a sunilar fine dispersion of fat occurs in the 
intestine, the third group of experiments was designed to determine the 
nature of the emulsifying mechanisip involved. This system must, be able to 
produce spontaneous emulsification of oil to the degree of dispersion whic 
we have foimd necessary for absorption, namely, an average particle diameter 
of less than 0-6/a. Stability for some hours would also seem to be desirable 
and the system must be capable of functioning over a pH range of 6-8 6. 

T^e main factprs that seemed likely to be of importance were soap, at y 
acid, bile salts, monoglyceride, cholesterol and phospholipid. Of these, phosp o 
lipid has been excluded from our investigations, since evidence was o tame 
which indicated that phospholipid was not a significant constituent o 
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interfacial film of the fat globules in the intestine. It- can- be demonstrated 
as a part of the structure of the chylomicron. It is suggested that it may be 
added to the I>article in the intestinal cell [Elkes & Erazer, 1943]. We cannot 
ignore the possibility of involvement of phosphohpid in the emulsifying 
mechanism, but our evidence at present is against it. ■ ^ ' 

In order to determine the importance or otherwise of the other factors, 
experiments were carried out in three groups — each substance alone, and in 
double, and then triple combinations of the factors. Each series was studied 
over the pH range 6-8-5, and the effects of varying concentrations of the 
factors was determined. The criteria of spontaneous emulsification, particle 
size and stability were applied to each series. 

Of the single factors only oleic acid (soap) gave any satisfactory emulsifi- 
cation^ and this was confined to the extreme alkaline end of the pH range 
(pH 8-5). The greatest effect on the interfacial tension occurs when 
the soap in the interfacial fihn is acid soap. Traces of calcium ions 
must be considered. At an aic/water interface the maximum lowering 
of interfacial tension with soap coincides with the point of half-dissociation. 
At the oil/water interface, however, the maximum lowering of interfacial 
tension with sodium oleate is found to occur in much more alkaline solutions 
(pH 8-5 or higher) owing to the removal of oleic acid from the interfacial 
fihn into solution in the oil phase. The effect of this loss of oleic acid from 
the film can be counteracted to some extent by the addition of excess oleic 
acid [Powney, 1936; Powney & Addison, 1938]. In our experiments, even - 
with the addition of excess oleic acid, we were unable to obtain emulsification 
below pH 7-6, and at this level the dispersion was not satisfactory. The only 
other single factor which requires mention is bile salt. It is commonly stated 
that the bile salts are good emulsifying agents for fat. The interfacial tension 


between oil and water may be lowered to about 6 dynes/cm. by impure bile 
salts, and to a much less degree by pure bile salts. Soap will lower the tension 
to less than 3 dynes/cm., and certain complexes to less than 0-6 dyne/cm., 
which is the order of interfacial tension required to allow of the fine dispersal 
of fat required for absorption. It is clear, and can easily be demonstrated, 
that bile salts alone cannot be regarded in any way as a satisfactory emulsi- 
fying agent for fat. Many of the bio-physico-chemical properties commonly 
attributed to bile salts, such as emulsification of fats and haemolysis [Schulman 
■ & Rideal, 1939] can be accounted for by the presence of soap impurities 
Of the paired factors, two form complexes-oleic acid/bile salts’ and 
soap/cholestero The association between oleic acid and bile salt was first 
dascnbed by Wieland & Serge [1916] and has been adequately confirmed 
smce. The complex b, however, only very slightly more effective as an emulsi- 
fymg agent than oleic acid alone. The soap/cholesterol complex does, however 
give some improvement m dispersal and stability, but this is not marked if 
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the soap is formed in situ at the oil/water, interface’, since emulsification under 
these circumstances is already excellent. In any case, the addition of chole- 
sterol does not overcome the effect of change of pH towards the acid' side on 
the stabilizing soap fi lm. The combination of oleic acid with monoglyceride 
also shows a marked improvement over either of these two factors alone. 
The probable reason for this is that monoglyceride forms an excellent inter- 
, facial film due to -the hydrophilic glycerol and oleophilic fatty acid portion 
of its molecule, but it has the disadvantage of being uncharged, which favours 
the formation of water-in-od emulsions. The addition of oleic acid to the 
interfacial film provides a charge due to the ionized COO“ groups. Change 
of pH towards the acid side results in suppression of ionization of the oleic 
acid with a decrease of charged COO“ groups and an increase of uncharged 
COOH groups (Fig. 1). Consequently the charge on the particles begins to 
disappear at about pH 7*6 and the emulsifying action rapidly deteriorates. \ 
The triple combination of factors showed one outstanding emulsifying 
system, bile salt/oleic acid/monoglyceride. This system gave spontaneous 
emulsification and adequate dispersal and stability over the whole of the 
pH range (6-8-6) arid even down to pH 4-0. The oleic acid and monoglyceride 
were dissolved in the oil phase and the bile acid added to the water phase. 
The probable mechanism involved in this emulsifying system is indicated in 
Fig. 1. As the pH is shifted towards the acid side, the number of COO" 
groups decreases and COOH groups increases as described above. Bile salts 
form an association with unionized oleic acid and so become involved in the 
interfacial structure. It is suggested that the SOj~ group in the taurocholate 
provides the necessary negative charge for continued emulsification and sta- 
bility when the pH is such that oleic acid ionization is seriously depressed. 
In this way with the triple^ complex we have an emulsifying system which is 
entirely independent of any pH change which may occur in the intestinal 
contents. 

The provision of this triple combination of bile salts/fatty acid/mono- 
glyceride is a simple matter in the normal intestine. The former is provided 
in the bile, while the latter two factors can be formed by partial hydrolysis 
of triglyceride. Furthermore, in the case of hpolysis both fatty acid and 
monoglyceride are being formed in situ at the oil/water interface. Cholesterol 
forms an ion-dipole complex with ionized soap which will anchor the soap 
molecide to the oil/water interface and prevent it from diffusing into the 
vater phase, thus stabilizing the interfaoial film and the emulsion [Sohulman 
k Cockbain, 1940], Cholesterol does not appear to be of great significance in 
)ur experiments on emulsifying systems, but it may assume greater im- 
Dortance when the fatty acid is gradually accumulating at the interface as 
n lipolysis.' The relationship of cholesterol to soap at the interface may be of 
mportance in the absorption of cholesterol. 
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On the basis of the experiments reported, it is concluded that hnely dis- 
persed particles of fat or paraffins can be absorbed from the intestinal lumen 
and that suitable emulsification of fat does occur in the intestine. It is also 
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Fig. 1. Diagram of tlie Fuggfc^ted arrangement at tie ofL-s-ater inietface in tte bila salt 'oleic 
acid monoiteaiate arsrem. The irary lirma represent the hTdrophobic portion of the fatty 
acid molecnle. The diamond-shaped fignre indicate the steroid portion of the bile salt 
molecnie. The bile salt molecule has been omitted from the fonrth diagram in the serifs 
becacse it is not regarded as an essential feature of the interracial structure at pH S-5. The 
diagram ehoa^ the importance of the presence of a charged molecule in addition to mono- 
givcferide in the interfacial film. 


clear that bile salts and partial lipolvsis, giving rise to monogljceri'de and 
latty acid, trill provide an effective emulsifying system tvbicb is not altered 
within the pH range of 5-8-5. The non-absorption of unemnisified paraffins’ 
may be attributed to inability to provide the essential constimen^ of the 
emulsr^g gysteim The relationship of these findings to the absorption of 
lat under normal physiological conditions is being further investigated 
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Summary 

1. Ingested triglyceride is finely dispersed when it enters the small ia- 
testine. The average diameter of the fat globules' is less than O-fip. Paraffins 
are not finely emulsified in the intestine. 

2. Finely dispersed paraflSn emulsion with an average particle she of less 
than 0-5 fjL is absorbed from the intestine in amounts comparable with olive oil 
emulsion of similar dispersion. 

3. In vitro experiments are described shoiving the relative merits of bile 
salts, oleic acid, soap, cholesterol and glyceryl monostearate as emulsifying 
agents. These substances have been investigated singly, and in double and 
triple combinations. Each emulsifying system has been studied over a pH 
range of 6'0-8'6, which covers the physiological variations in the small in- 
testine. 

4. Of these various systems only the triple combination of bile salts/oleio 
acid/monoglyoeride ia effective in producing spontaneous emulsification, fine 
dispersion and good stability at aU points in the pH range. 

6. The significance of the experimental findings is discussed. 
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OBSERVATIONS ON SpME CONDITIONS AFFECTING 

THE . RATE OF HORMONE OUTPUT BY THE 
SUPRARENAL CORTEX 

By MABTHE VOQT, From the Pharmacological Laboratory 
of the College of the Pharmaceutical Society 

{Received 4 February 1944) 

ConBideiable amotuits of cortical hormone are continuously released into the 
circulation by the suprarenals, and can be detected and assayed in the blood 
collected from the glands [Vogt, 1943]. The present paper deals with the 
effect of various factors on the rate of this secretion of cortical hormone. The 
experiments were mainl y concerned with the influence of adr^line and of 
splanchnic stimulation. Since both these conditions are liable to cause changes 
in arterial blood pressure and in blood flow through the glands, preliminary 
experiments had to ascertain the effect, if any, of these two factors on the 
output of cortical hormone. 

• Methods 

The experiments were done on heparinized, eviscerated dogs, except for two 
instances, in which cats were used. Anaesthesia was induced with ether and 
completed with intravenous chloralose. The venous blood &om the suprarenals 
was collected as previously described [Vogt, 1943]. The plasma prepared from 
this blood was assayed for cortical activity by hypodermic injection into 
groups of suprarenalectomized rats exposed to cold [method of Selye & 
Schenker, 1938]. The prolongation of the mean survival time of such groups 
of rats by the administration of plasma measures its content of cortical 
hormone. Details will be found in the earlier publication. 

There are two ways of following the minute output of hormone throughout 
an experiment. The first is to collect consecutive samples of equal volume. 
If appreciable changes in blood flow take place, the periods of collection will 
be of different length and the output per minute will have to be found by 
calculation. Since the assay is not strictly quantitative, this introduces an 
error, and the method, accordingly, was only used in a few preliininary 
experiments. The alternative is to make the collection times equal, irrespective 
of the volumes of the samples. In this case, the assay measures the output 
without any corrections. Since, however, injection into the rats of unequal 

■PTT niTT ^ 
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volumes of plasma may lead to errors tlirough treating the groups with varying 
amounts of fluid and of protein, the volumes of samples appreciably differing 
in size were rendered equal before injection by the addition of arterial plasma. 
This was permissible, since it had previously been found that arterial blood 
does not contain amounts of cortical hormone detectable by biological assay. 

Intravenous infusion of 0-9% sodium chloride or heparinized blood was 
sometimes used to counteract the fall in blood pressure resulting from the 
loss of blood through the suprarenal veins. The use of blood, however, was 
severely restricted by the difficulty of obtaining adrenaline-free samples of 
arterial blood ficom a recently anaesthetized animal, since the presence of 
adrenaline, as we shall see later, seriously affects the results. 

In aU instances in which the suprarenal blood was likely to contain adre- 
naline, its adrenaline content was assayed' on. the rabbit’s intestine. As has 
been shown previously [Vogt, 1943], no significant effect on survival time was 
produced by add ing adrenaline to solutions of cortical hormone or to salme 
and injecting these mixtures into snprarenalectomized rats. Nevertheless, 
whenever one of several samples contained a considerable quantity of adre- 
naline, it was thought advisable to equalize the content of all plasma samples 
by the addition of adrenaline. 

Before being assayed on the rats, the plasma was kept in the refrigerator 
for i-2^ days. 

The effect of adrenaline on cortical secretion was tested by slow intravenous 
infusion of dilute solutions for periods between 6 and 26 min., the total 
amount administered ranging between 4-5 and 226/ig./kg. ^ ’ 

Electrical stimulation of the splanchnic nerves was performed with a pair 
of bipolar shielded electrodes, an induction coil with one accumulator in the 
primary circuit, and Lewis’s interrupter producing 10 break shocks per sec. 

Close arterial injections of acetylcholine were performed in a manner similar 
to that described by Eeldberg & Minz [1932] on cats. During evisceration, 
care was taken to leave a sufficient length of the coeliac artery to permit 
insertion of a cannula; this was connected by a length of pressure tubmg 
bearing a clamp to a large, rigidly fixed syringe contaiiung'acetylchoiine HCl 
1 : 10,000. One ml. was rapidly administered from the syringe every 16 or 
20 sec. ‘ 

Results 

Effect of changes in arterial blood pressure and blood flow through 
the gland on output of cortical hormone 

In previous experiments [Vogt, 1943], no correlation was found between the 
minute output of cortical hormone and different levels of blood pressure or 
varying rates of blood flow. Comparison, however, was mainly restricted to 
the yields of hormone obtained in different animals.’ It will now be shown 
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Fig. 1 (B^. 62) is an example of the effect. The heights of the five columns 
represent the mean smvival timSs resulting from injecting into groups of 
rate samples of plasma coUected for 16 min. each. The first two samples were 
aJcen before the adrenaline infusion. Sample 3 was obtained during the last 
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Fig. 2, Exp. 77, dog, 12 kg. Both spLauchtdo nerves cut. Ordinate: mean survival time of rata 
in hours. Number at the foot of each column indicates number of sample with wMoii the 
group was treated. At each injection administration of either 0*3 ml. plasma (samples 
or 0-5 mL plasma (samples 4^ and 6), Period of collection of samples 1-3, 4 min. Sample I: 
, control. Average blood pressure 133 mm. Hg. Blood flow 6’6 ml./min. Sample 2: during 
the last 4 min, of an infusion of 81 pg. adrenaline begun min , previously. Average blood 
pressure 161 mm. Hg. Blood flow 6*6 ml./min. Sample 3: after 20 min. interval. Average 
blood pressure 103 mm. Hg. Blood flow 6*1 ml./min. Sample 4: mixture of two-fiftha 
suprarenal plasma with three-fifths arterial plasma. Sample 6 : same suprarenal plasma w 
that used in sample 4, without any arterial plasma. 

Fjg. 3. Exp. 79, dog, 11*4 kg. Both splanchnio nerves out. Ordinate: mean survival time of 
rats in. hours. Number at the foot of each column indicates number of sample ^vith which 
the group was treated, 0*3 ml, plasma administered at each injection. Collection time for 
each sample 11 min. Sample 1: control period. 'Average blood pressure 63 mm. Hg. Blood 
flow 1*69 ml./min. Sample 2: 12 min. after the infusion of SOpg. adrenaline in 6 mm* 
Average blood pressure 40 mm. Hg. Blood flow 0-96 ml./min. Sample 3; 31 min. after 
sample 2. Average blood pressure 26 mm . Hg. Blood flow 1*02 ml./min. Saline is given 
intravenously before and during collection of sample 3. 


16 min. of an infusion of a total of 95 fig. adienaliae (8'6fig./kg.) in a period 
of 20 min. Its potency (column 3) is significantly increased over that of the 
previous ones. In' the two subsequent samples (columns 4 and 5), the output 
of cortical hormone has returned to normal. Their collection was started 
17i min, (sample 4) and 34 min. (sample 6) after the end of the administration 
of adrenaline. During the infusion, the average blood pressure was Timm. Hg 
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and the'blood flow tbrougb the gland 1-73 ml./min. Similar values are repre- 
sented among the control samples, as shown above in Table 1. 

’ The rise in yield of cortical hormone may start within a few minutes of the 
beginning of the adrenaline infusion. Colmnn2 of Eig. 2 (Exp. 77), for instance, 
represents the survival time obtained with a sample collected during the last 
4 min. of an administration of adrenaline (81 pg., 6-7 pg./kg.) lasting 6-5 min. 
The sample contained a Mgnificantly larger amount of cortical hormone than 
the 4 min. sample collected before the infusion (column 1). 

In Exp. 77, a further increase in cortical hormone was found, when a third 
4 min. sample was taken 20 min. after cessation of infusion (column 3). No 
later sample was taken from this dog, but this was done in Exp. 79 (Eig. 3), 
in which a similar dosage of adrenaline (total of 80 pg. or 7 pg./kg. infused in 
6 min.) had been used. Whereas the content of cortical hormone in a sample 
taken 12-23 min. after the end of the adrenaline pifusion (column 2) was 
significantly greater than that of the control sample (column 1), it had dropped 
to the original level 54-65 min. after the infusion (column 3). Thus, the 
approximate duration of the action of adrenaline, in a dose of about 7 pg./kg. 
administer efl within 6 min., appears to be more than 20 min, and less than 
1 hr. In the experiment illustrated in Eig. 1, the output of cortical hormone 
had returned to normal in sample 4, collected 17-34 min, after the end of 
infusion. The comparatively rapid disappearance of the effect in this instance 
was probably due to the slow infusion rate employed. 

The amounts of adrenaline used in these three experiments are of the same 
order as those released into the circulation by electrical stimulation of the 
splanchnic nerves of one side (cf. Table 3, p. 327). We are, therefore, dealing with 
doses of adrenaline which may occur in the body under physiological conditions. 

One experiment was done with a smaller dose, a total of 60*pg. (4-5pg./kg.) 
being infused in 4 min. No change in the yield of cortical hormone resulted. 
Others were carried out with larger quantities, 3-4 times the doses employed 
in the experiments represented in Figs. 1-3. Two examples (Exps. 67 and 73) 
are given in Eig. 4. Column 1 indicates the yield in the control period, 
column 2 that during the infusion, and column 3 the result about half an hour 
later. The output rises considerably during the administration of the drucr 
and a further significant rise follows the infusion. 

The periods of administration of adrenaline in Exp. 62 (Eig. 1) and Exp 73 
(Eig. 4 6) are nearly equal and the results are, therefore, comparable ^The 
larger dose of adrenaline caused a more prolonged increase in the production 
of cortical hormone than the smaller one. ’ 


On further increasing the amount of adrenaline to quantities which ar 
certai^y no longer physiological, the result was still the same. The higher 
dose tested was one of 1512^g. (226^g./kg.) infused in 24 min. As may h 
seen from Fig. 5, the character of the response was unchanged. ^ 
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The resulte d^cribed so far were obtained on dogs. An example of the 
same phenomenon m cats is seen in Fig. 6. The hormone content of the control 
ample 1 is considerably less than that of sample 2, obtained during the 
fusion of 77;xg. adrenaline (20-2^g./kg.). The yield has not quite returned 
o nomal m sample 3, coUected H-26 mim after the infusion had been 
discontmued. Column 4 measures the output of the gland in terms of the 



Fig. 4. Ordinates: mean survival time of rats in hours. Number at the foot of each column 
indicates number of sample with which the group was treated. 0-3 ml plasma given at 
each injeotion. 

(а) Exp. 07, dog, 9 kg. Both splanchnio nerves cut. Collection time of all samples 12 nun. 
SampU 1: control period. Average blood pressure 117 mm. Hg. Blood flow 2-88 ml./min. 
Sample 2: during an infusion of a total of 204, pg. adrenallme started 2 min. previouBly. 
Average blood pressure 138 mm. Hg. Blood flow 2-71 ml./min. Satnple 3: 28 min. after 
sample 2. Average blood pressure 64 mm. Hg. Blood flow 1-29 ml./ min . 

(б) Exp. 73, dog, 10 kg. Both splanchnic, nerves out. Collection time of all samples 
16 min. Sample 1: control period. Average Wood pressure 84 mm. Hg. Blood flow 1‘89 
ml./min. Sample 2 : during on infusion of a total of 336/ig. adrenaline started 3 min. pre- 
viously. Average blood pressure 98 mm. Hg. Blood flow 1-93 ml./ min . Sajnple 3: 33 min. 
after sample 2. Average blood pressure 37 mm. Hg. Blood flow 0-78 ml./min. 

cortical extract ‘ Eucortone the rats of group 4 hatang been injected with 
arterial plasma containing 6 % eucortone. The comparison shows that, under 
the influence of the adrenaline infusion, the suprarenal plasma becomes slightly 
more potent than a 6 % solution of this cortical extract. 

Altogether, observations were made on twenty dogs and two cats. A signi- 
ficant increase in the output of cortical hormone was seen in thirteen of the 
twenty-two experiments; in one instance a rise did not occur during, but was 
seen iu the sample collected 30 min. after the infusion. In six animals, no 
significant changes were observed. Considering the inaccuracy of the method, 
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it is impossible to decide Wtber in these experiments the rise was absent 
or onlyLaller than usual; in one of them, the absence of effect was probably 

the result of using too small a dose of adrenaline. . , , 

In two experiments, adrenaline was given during a period of mcrease 
cortical secretion, caused in the one animal by a previous dose of adre^lme, 
and occurring spontaneously in the other for an unknown reason. Each time 


hr. 



1 2 3 

Fig. 5^ 



Fig. 6. Eip. 03, dog, 6-7 kg. Botk aplanchnics out. Ordinate: mean survival time of rata in 
hours. Number at the foot of each column indicates number of sample -with which the 
group was treated. 0-35 mh plasma given at each injection. Collection time for each sample 
19 min. Sample 1; control period. Average blood pressure 107 mm. Hg. Blood flow 1-62 
mL/min. Sample 2: during an infusion of a total of 1-512 mg. adrenaline started 5 min, 
previously. Average blood pressure 134 mm. Hg. Blood flow 1-68 mh/min. Sample 3; 
25 min. after sample 2, Average blood pressure 68 mm, Hg. Blood flow 0-90 mL/min. 


Fig. 6. Eip. 51, cat, 3-8 kg. Both splanchnics cut. Ordinate: mean survival time of rats in 
houiB. Number at the foot of each column indicates number of sample with which the 
group was treated. 0-35 mL plasma administered at each injection. Period of collection 
14-5 min. Sample 1 : control period, Infuaiou of 40 mL blood. Average blood pressure 
39 mm. Hg, Blood flow 2-2 mL/min. Sample 2: obtained during infusion of a total of 77pg, 
adrenaline begun IJ min. previoudy. 12 mL blood infused. Average blood pressure 
82 mm. Hg. Blood flow 2-3 mL/min. Sample 3: after an interval of 11 min. 18 mL blood 
infused just before, and 29 mL during collection of sample. Average blood pressure 
56 mm. Hg. Blood flow 2-1 uil,/mm. Sample 4: cat’s arterial blood containing 8% 
‘Eucortone’. 


the hormone output dropped significantly from its raised level during the 
period of infusion. In the one dog in which a further sample was tested, the 
peld had again risen 11 min. later. 

In the experiments described in the first section of this'paper', the minute 
output of cortical hormone was found to he independent of the blood, flow 
through the gland. These observations were made under conditions in which 
cortical secretion was not increased; therefore, they do not exclude the possi- 
bility suggested by some of the foregoing observations that, provided the 
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blood supply to the suprarenal; 

Se ts Z r. ^ develop 

striction ^ diacQntinued, may be attributed to a vaaocon- 

^nctaon present during the infusion. Similarly, restriction of blood flow 

mght explam the temporary inhibition of cortical secretion encountered in 

wo experiments m which adrenaline was infused during a period of 

creased cortical activity. In many experiments, a vasoconstrictor effect of 

1 ] j fl ^ ^ ^ suprarenal vessels was indeed ascertained. The changes in 

in T" ni ° served in the gland during adrenaline infusion are summarized 
in lable 2. 


Table 2. Effect of adrenaline on the blood flow through the suprarenal glands 

- Group 1 Group 2 Group 3 

Flow decreased Flow Flow increased 

■ ' (average -8-5%) " unchanged (average +27%) 

J\o. of observations -4 11 g 

In the three groups, an average rise in blood pressure of approximately 
the same size (22, 25 and 26 mm. Hg) had resulted from the infusion. (The 
rise WM necessarily small, even with fairly large doses of adrenaline, since 
thp animals were being bled during the infusion.) Vasoconstriction had im- 
oubtedly taken place in the fifteen experiments of groups 1 and 2. ^It might 
also have been present in some or all experiments of group 3, and its effect 
on blood flow outweighed by the rise in blood pressure. It is interesting to 
note that Branch, Brown & Rein [1936], using the thermostromuhr, regularly 
observed a diminution of suprarenal blood flow’ as a result of single intravenous 
injections of adrenaline into dogs anaesthetized with pernocton. 

Since hypertrophy of the suprarenal cortex, whatever its causation, seems 
to be dependent upon the corticotrophic hormone of the anterior hypophysis 
[see Tepperman, Engel & Long, 1943], the possibility had, to be considered, 
whether the effect of adrenaline on .cortical activity was also mediated by 
the pituitary. This, however, was not the case, as proved by an experiment 
on a decapitated dog. In this animal, a dose of 60/ig. adrenaline (9-6/xg./kg. 
given as an infusion of 9 min. duration) caused a significant increase in output 
of cortical hormone. 

Previous experience had shown [yogdi, 1943], that significant differences 
between mean survival times of groups of rats treated with solutions of 
cortical hormone are rarely seen, unless one sample contains about three 
times as much hormone as the other. We may, therefore, assume that the 
increase in hormone output caused by adrenaline, since it is usually found to 
be significant, represents a rise of several hundred per cent. It was only 
rarely possible to check this assumption by direct measurement, as the large 
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number of rats required for that purpose was not often available. One experi- 
ment {77, Fig. 2) may serve as an example. 

In addition to the three samples of blood (columns 1-3) required for the 
investigation of the effect of adrenaline, a fourth large sample of suprarenal 
blood was taken, and the plasma prepared &om it ('plasma 4’) was used for 
the evaluation of the differences obtained in the assay of the first three samples. 
Fur this purpose, 0-2 ml. of plasma 4 was given at each injection to one group, 
and a 2-5 times larger dose to another group of rats. The injected volumes 
were made equal by the 'addition of 0-3 ml. arterial plasma to the small dose 
of plasma 4. The survival times were 6-24 and 7-38 hr. (columns 4 and 5). 
On plotting these times against the logarithm of the doses, calling the small 
dose of 0-2 ml. unity, a line is obtained which correlates the survival times 
(ordinates) with doses of hormone (abscissae) measured as multiples of the 
small dose taken as unit. From this graph, the doses were determined which 
corresponded to the survival times observed with the first three samples, one 
sample having been taken before, one during, and one after adrenaline in- 
fusion. The figures obtained were 0-6, 1-8 and 5-0. This, means, that during 
adrenaline infusion, the suprarenal blood contained three traies as much 
hormone as in the control period, and that a further threefold rise occurred 
in the period following the infusion. On account of the low accuracy of the 
method, these results must be regarded as approximations. 


Section and stimulation of the splanch7iic nerves 

Stimulation of the splanchnic nerves, by virtue of its release* of adrenaline 
into the general circulation, is bound greatly to increase the activity of the 
suprarenal cortex. An attempt was made in the following experiments to 
decide whether there exist any additional effects of these nerves on the 
secretion of the suprarenal cortex. 

Contradictory views have been held at different times on the relations 
between the splanchnics and the suprarenal cortex, but the most recent 
workers [Bennett, 1940; McFarland & Davenport, 1941] deny the existence 
of fibres innervating the cortex. Accord ing to these authors, the nerves 
penetrate the cortex without branching and make functional connexion with 
the medulla ovfj. The example of the pituitary, however, where the anterior 
lobe can be stimulated by the hypothalamus, although nearly aU fibres from 
the supraoptic nuclei end in the posterior lobe, iUustrates that the absence of 
detectable nerve fibres is no proof of the absence of any nervous control. The 
close anatomical relationship between cortex and medulla, therefore made it 
necessmy to exa^e the possibility of some effect of the splanc’hnics on 
a^e^li^e superimposed on their action through the release of 
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Sj)h,nchnotomy. In an anaesthetized animal with intact splanclmics, the 
operative manipulations preceding the collection of suprarenal blood inevitably 
cause adrenaline secretion. In order to teat the effect of splanchnotomy 
on the suprarenal cortex without the interference of previous splanchnic 
stimulation, a period of rest of at least half an hour was allowed between the 


hr. 

II 



Fig. 1. Fig. 8.- 

Fig. 7. Exp. 88, dog, 12 kg. Ordinate: mean survival time of rats in iionra. Number at the 
foot of eaoli column indicates number of sample with wbioh the group was treated 0-3 mb 
given at each injection. Period of collection 6 min. Samplt 1: obtained 30 min. after com- 
pletion of all operative procedures. Average blood pressure 163 mm. Hg. Blood flow 
4*6 ml./min. Sample 2: 6 min , after section of the splanolmio nerves on both aidefu Average 
blood presaure 102 mm . Hg, Blood flow 2*3 ml./min. Sample 3: during stimulation of kft 
splanchnic. Average blood pressure 86 mm. Hg. Blood flow 2^9 ml./min. Sample 4: after 
an interval of 1 min. Infoaion of 26 ml. 0-9% NaCl. Average blood pressure 60 mm. Hg. 
Blood flow 2*0 ml./^iQ. 

Fig. 8. Exp. 91, dog, 11 kg. Ordinate: mean survival time of rats in hours. Number at tbe 
foot of each column indicates number of sample with which the group was treated. O-l mb 
plasma given at each injection. Collection time of samples 12*6 min. Sample 1: obtained 
34 min. after completion of the operation. Average blood pressure 137 mm. Hg. Blood flow 
2-3 ml./min. Sample 2: 3 min. after section of tbe splanchnic nerves on both sides. 'Averago 
blood pressure 98 mm. Hg. Blood flc^w 2*0 ml./min- Sample 3: during stimulation of the 
left splanchnic nerves. Blood pressure 88 mm. Hg. Blood flow 2*1 mL/min. Sample 4- after 
9 min. interval and during infusion of 40 Ail. saline. , Average blood pressure 62 mm. HS* 
Bipod flow 2-0 ml./min. Sample 6: 41 min. after sample 3. 60 mb saline infused before 
and 60 ml. during collection of sample. Average blood pressure 64 mm. Hg. Blood flow 
2-3 ml./ min , , ■ ' 

completion of tbe dissection and the collection of the' first blood sample. Wien 
this sample had been obtained, the splanchnic nerves, under which ligatures 
had been placed in readiness dirring the operation, were rapidly divided. 
A second sample was then taken for assay. The result is illustrated in Figs. 
^ and 8. 

In both experiments, group 1 was injected with plasma collected after the 
resting period, the splanchnic nerves being intact, and group 2 with a sample 
taken after section of the nerves. In spite of the large difference in blood 
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pressure during the two periods of coUection. the yield in cortibal hormone is 
the same. Provided, therefore, stimuli have been excluded which give nse to 
the release of adrenaline from the suprarenal medulla, splanchnotomy does 
not affect the minute output of cortical hormone. 

Stimulation of the splanchnic nerves. In order to guard against uncontrollable 
medullary activity due to reflex stimulation of the splanchnics, both before 
and during the collection of blood from the suprarenal vein, it was necessary 
to sever the nerves on both aides. The adrenaline released into the lumbar 
vein by the electrical stimulation cannot interfere, since it leaves the body 
with the venous effluent from the gland. Nevertheless, electrical stimulation 
of the left splanchnics produced an increase in the yield of cortical hormone 
in more than half of the experiments, whereas no change was observed in the 
remaining ones. Details are given in Table 3. In some instances, the increased 


Table 3. Effect of stimulation of the left splanchnio nerves 
on minute output of cortical hormone 


Adrenaline 

produced 

during "Vield of 



Period of 

stimulation 

cortical 

No. 

stimu- 


-A ^ 

hormone 

of 

lation 

Total 


daring 

exp. 

min. 



stimulation 

37 

10-5 

93 

6’6 

Increased 

39 

6-5 

86 

8-4 

Increased 

48 

7 

63 

2-5 

Increased 

52 

30 

216 

190 

Increased 

88 

6 

36 

30 

Increased 

89 

7 

58 

6-8 

Increased 

91 

12-5 

63 

5-7 

Increased 

53 

21 

80 

6-3 

Probably 





increased 

45 

60 

24 

20 

Unchanged 

82 

9 

76 

80 

Unchanged 

29 

12 

56 

3-4 

Unchanged 

46 

19 

84 

7-6 ■ 

Unchanged 

49 

23-5 

154 

8-1 

Unchanged 

90 

6 

40 

2-0 

Unchanged 



ilean 

6-3 



Time course of yield after cessation 
of stimnlation 

Partial recovery 7 min. after stimulation 
Partial recovery 11 min. after stimulatioa 
Normal 20 min. after stimulation 

Normal immediately after stimulation 
Increased immediately after, normal 25 
min. after stimulation 
Increased 9 min. after, nearly normal 
41 min. after stimulation ‘ ^ 

Normal immediately after stimulation 

Increased 19 min. after stimulation 
Increased 17 min, after stimulation. 

Normal 17 min. after stimulation 
Normal 23 min. after stimulation 
Normal 20 min. after stimulation 


production outlasted stimulatiou for some timei whereas in others recovery 
occurred immediately. In two animals (45 and 82), a rise in cortical activity 
was only seen after the stimulation. Examples of the time course are given 
m Pigs. 7 and 8. In both figures, column 3 represents the yield during stimu- 
lation. It is- significantly higher than that of the controls (column 2). In 
Iig. 7, column 4 shows the output immediately following stimulation; it has 
retmned to the level of samples 1 and 2. In the other experiment (Eig. 81 
collection of sample 4 was begun 9 min., and that of sample 5 41 min. after 
e penod of stimulation. Since the coUection lasted 12-5 min., the figure 
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stows that the yield of hormone remained elevated between the nmth and 
twenty-first minute after stimulation, whereas another 20 min. later it was 
returning to resting level. 

Atropine, which was given in Exps. 37 and 39 (Table 3), did not affect the 
result. In two dogs, however, in which the right splanchnics had not been 
severed, a reversible, significant fall in hormone production was observed 
during stimulation. It is possible that' here reflex stimulation of the right, 
splanchmc nerves during the operation had caused the release of sufficient 
adrenaline to maintain an elevated level of cortical activity during the collec- 
tion of the ‘ control ’ sample, and that the decreased yield was analogous to 
that seen on two occasions (cf. p. 323) when adrenaline was administered 
during a period of increased cortical secretion. As this evanescent action of 
adrenaline had been attributed to vasoconstriction, information about the 
vasomotor effects of splanchnic stimulation is ;required before a similar ex- 
planation can be suggested for these experiments. Since in all experiments 
the dogs were eviscerated, splanchnotomized and were being bled from' the 
lumbar vein during the stimulation of the splanchnics, the average change in 
blood pressure resulting from the stimulation was either a small rise only or 
occasionally even a slight fall. A steep fall in pressure, however, which regu- 
larly occurred when stimulation was discontinued, showed that the stimulus 
-had been effective .throughout the period of collection, but- that its vascular , 
effects were unable to compensate for the loss of blood incurred. 

The changes in blodd flow observed were not quite consistent. In eight 
experiments, the flow remained either unchanged or fell by 10-60% (mean 
21%), despite a small rise in average blood pressure. Here vasoconstriction 
undoubtedly had baken place. In five experiments, a small increase in blood 
flow ‘was seen to accompany a small rise in blood pressure : the resistance of 
the Vascular bed had probably not changed. Three times the blood flow was 
augmented during stimiflation in spite of a fall in the average blood pressure: 
vasodilatation had evidently occurred. Vasoconstriction of the suprarenal 
vessels, therefore, results frequently, but not invariably, from stimulation of 
the splanchnic nerves under the conditions of these experiments. 

^ Arterial injection of acetylcholine 

' Inj ection of acetylcholine into the coeliac artery causes a release of adrenaHne 
not only from the left suprarenal, the blood of which is drained away by the 
cannula, but also from the right gland^ which secretes into the animal. In 
order, therefore, to make the conditions comparable >vith those of the fore- 
going experiments on stimulation of the splanchnic nerves of the, left side, 
the right suprarenal was excluded from the circulation by ligating its vascular 
connexions. _ <■ 
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Thiee experiments were performed, particulars of which are given in Table 4. 
Their common feature was an increased output of cortical hormone following 
the administration of acetylcholine. During the iniections, the yield remamed 
unaffected in the first two, and was raised in the third animal, the only one 
in which the average blood pressure was not reduced' during the mjection 
period and the flow had greatly increased. This suggests that the delay in the 
onset of increased activity seen in the other two dogs had been caused by 


Table 4. Effect of intra-arterial injections of acetylcholine on 
minute output of cortical hormone 
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yo 

Pg- 

injections 

injections 

S2 

Xo 

36 doses of 
0-1 mg. 

9 

Eallof 

32 mm. Hg 

-30 

76 

S 

Un- 

changed 

Increased 17 mu 
later 

S4 

Yea 

32 doses of 
0-1 mg. 

11-3 

Eallof 

S mm. Hg 

T A 

53 

4-2 

Un- 

changed 

Increased immed 
ately 

S6 

Yes 

26 doses of 
01 mg. 

8 

Xo change 

-f45 

150 

15-8 

In- ■ 
creased 

Further increast 
immediately, no 
mal 34 min. late 


insufficient blood supply to the gland. In Exp. 82, a comparison was carried 
out on the same animal of the effect of splanchnic stimulation witli that of 
acetylcholine injections. The results were indistinguishable. The output of 
cortical hormone was unaffected during, and significantly increased 17—26 min. 
after the electrical or chemical stimulation. Incidentally, the amounts of 
adrenaline released into the suprarenal effluent were also identical. 

In the three experiments, the effect of the acetylcholine injections on the 
suprarenal blood vessels was a dilatation, whether or not atropine (4 mg.) had 
been given. / 

Discussiox 

The foregoing experiments have demonstrated a hitherto unknown action of 
adrenaline. The hormone of the suprarenal medulla augments the continuous 
secretion of hormone by the suprarenal cortex. This action is obtained with 
amounts of adrenaline which are liable to be liberated in the body on splanchnic 
, stunulation. ''ffithin a' few minutes of the beginning of an adrenaline infusion, 

the output of cortical hormone rises to several times its resting value, and 
remains elevated or increases even further during a considerable^period after 
cessation of the administration. This effect of adrenaline can be considered 
as a further and, probably, physiologicaUy important item on the long list 

of effects by which adrenaline enables the organism to withstand sudden 
stress or strain. 
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Such an action of adrenaline explains certain observations on the correla- 
tion between cortical and meduUaiy activity _for which an interpretation was 
hitherto missing. Sjbstrand [1934], for instance, was struck by the fact that 
cortical hyperaemia in mice occurred in many conditions which are known to 
cause adrenaline secretion, and was led to the conclusion of the existence of 
a synergism between cortex and medulla. Looking through Sjostrand’s 
results, we find conspicuous hyperaemia recorded in animals subjected to 
(1) painful excitement, (2) asphyxia, (3) acetylcholine injection after eserine, 
(4) nicotine injection, (5) excitation at the beginning of anaesthesia, (6) dis- 
tension of the intestine in anaesthesia. There is no doubt that these are condi- 
tions leading to adrenaline secretion, and, therefore, as we now know, to 
increased cortical output. The correlation observed by Sjostrand is thus easily 
explained, as a larger blood flow will be required by the more rapidly secreting 
cortex. 

In 1912, Neumann discovered that an injection of adrenahne causes a 
considerable rise in the oxygen consumption of the suprarenal gland. A corre- 
sponding observation was made by Broening [1924], who stimulated the 
splanchnic nerves,- and recorded an increase in suprarenal blood flow of about 
50% and a rise in oxygen consumption of about '200-300 % . Although, at 
the period of those observations, the interest centred on the secretion by the 
medulla, there is hardly any doubt that the large increase in metabolism 
resultmg from adrenaline injection or splanchnic stimulation is shared by the 
cortex. In the case of an adrenaline injection, it may even be entirely ac- 
counted for by the enhanced cortical activity. This increase in oxygen con- 
sumption provides an explanation for the few apparently aberrant results, m 
which a fall in cortical hormone production resulted from administration of 
adrenaline or from splanchnic stimulation. Such a diminished output was 
only observed when adrenaline was infused during a period of increased 
cortical activity, or when stimulation was applied under conditions where 
ohe could assume that reflex stimulation of the splanchnic nerves had occurred 
shortly before the sample was taken. The suprarenal vasoconstriction, which 
has been shown to accompany, as a rule, both infusion of adrenaline and 
stimulation of the splanohnics, may curtail the oxygen supply sufficiently to 
decrease temporarily an elevated yield of cortical hormone. The rapid re- 
covery from the depression is in good agreement with this interpretation. 
Similarly, the fact that not infrequently the increase m cortical output did 
not occur, Of reach its full height, till after the cessation of infusion or stimu- 
lation, may be due to limitation of the oxygen supply by the vascular effects 
of these procedures. 

The stimulation of cortical activity by adrenaline is a direct effect on the 
secretory cells, independent of the anterior lobe of the pituitary. It is one 
of the rare instances in which adrenaline acts upon a structure devoid, as far 
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as we know, of a sympathetic nerve supply. In its duration, which ^eatly 
exceeds that of the effects of adrenahne on smooth muscle, this action re- 
sembles that on transmission of nervous impulses, although it differs from it 
in the absence of any inhibitory effects by large amounts [Bulbring & Bum, 
1942; Bulbring, 1944]. 

Through the ‘action of circulating adrenaline, the sympathetic system exerts 
an indirect nervous control over the suprarenal cortex. This takes the place 
of the direct innervation in which the cortical tissue is apparently lacking. 
It is not easy, however, to interpret the experiments in which splanchmc 
stimulation also augmented cortical output, when the adrenaline secreted into 
the lumbar vein was prevented from entering the circulation. Either the 
activity of the nerve endings in the medulla may affect the cortex by some 
unknown mechanism, in a fashion which simulates the action of adrenaline, 
or some adrenaline may reach the cortical cells, even in a preparation in 
which the blood from the lumbar vein is being drained off. The second alter- 
native appears the more likely, considering that this effect of splanchnic 
stimulation is not obtained regularly, and that section of the splanchnic 
nerves does not alter the output of cortical hormone ; but neither experimental 
nor anatomical data provide conclusive information. Although the structure 
of the vascular tree of the suprarenal gland [Elint. 1900; Bennett & Kilham. 
1940] does not favonr the view that mednllary blood containing adrenaline 
is able to reach the cortex, some degree of hack diffusion fromdhe medullary 
veins cannot be ruled out with certaiuty. It is, further, open to question 
whether or not some adrenaline might by-pass the lumbar vein, and reach 
the general circulation and from there the cortex. One path might be small 
veins leaving the suprarenal capsnle and accompanying the small arteries which 
enter the gland. They cannot be tied in the preparation without endangering 
the arterial supply. Though they mainly contain blood which has been irri- 
gating the cortex, some leakage of adrenaline into these channels remains 
po::sible. A more important source of adrenaline which cannot be easilv 
checked is, however, provided by the aortic paraganglia which do not become 
atrophic in the adult dog [Iwanow, 1932], The physiology of these bodies is 
rat er obscure, but tbeir intimate contact with sympathetic nerves by which 
they appear to be innervated [Smimow, 1890; Kohn, 1903], and their content 
J extractable adrenaline [Biedl & Wiesel, 1902] are known. It is, therefore, 
uou ely that stimnlation of the splanchnic nerves will canse a release of 
® from this chromaffine tissue which may thus contribute appre- 
Wy to the adrenaline level in the blood. 

of th^^T observed between the results of electrical stimulation 

that the^drn'^ • ^ intra-arterial iniection of acetylcholine indicates 

due to its devoid of any action on the suprarenal cortex which is not 
excitation of structures innervated by cholinergic nerves. 
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Summary , ’ ' _ ' 

1. Intravenous infusion of adrenaline causes a strong, inunediate and long- 
lasting stimulation of suprarenal cortical activity in the eviscerated dog or 
cat. The effect was obtained with doses of adrenaHne which occur in the body 
under physiological conditions. The increased yield was of the order of several 
times the basal output. The action is independent of blood pressure or blood 
flow, and is not mediated by a hormone from the pituitary. Through adre- 
naline, the sympathetic nervous system has an indirect control over the 
activity of the suprarenal cortex. 

- 2. Electrical stimulation of the l^ft splanchnics, provided reflex activity 
of the nerves on both sides had been avoided, caused an increase in cortical 
secretion in half of the experiments, despite thd fact that the adrenaline 
released into the lumbar vein was prevented from reaching the general circu- 
lation. This stimulation of the suprarenal’ cortex resembled in its time course 
that of a small dose of adrenaline. It is interpreted as probably due to some 
adrenaline having entered the general circulation through small accessory 
suprarenal veins, or having been produced by the aortic paraganglia. 

3. Section of the splanchnics, if carried out imder conditions where the 
nerves had not recently been stimulated, and the after-effects of circulating 
adrenaline could therefore be excluded, did not alter the ‘basal’ output of 
the suprarenal cortex. 

4. Close arthrial injection of acetylcholine into one suprarenal (the other 
being excluded from the circulation) was indistinguishable in its effect from 
that of stimulation of the splanchnic nerves of one side. 

5. The effect of adrenaHne infusion on the suprarenal vessels was usually 
a constriction, that of splanchnic stimulation frequently a constnction, 
whereas that of acetylcholine was a dilatation. There is some evidence that 
the vasoconstriction has occasionally a transient antagonistic effect on the 
increased cortical activity caused by adrenaline. 
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THE INHIBITION OF HISTAMINE RELEASE 
BY A PITUITARY-ADRENAL MECHANISM 

By 6 UN6AR * From the Oxford Extramural Unit, Resmrdt and Experiments 
DepaHment, M.O.HE., and the Nuffield ImtHutefor Medical Research, Oxford 

[Received 2 May 19-14) 

There is experimental evidence that post-traumatic mortality is reduced in 
guinea-pigs and rats which have undergone a previous sublethal trauma 
[Noble, 1943; Ungar, 1943]. It has been shown, moreover, that this resistance 
can be passively transferred to intact animhls by the injection of the serum 
of traumatized animals [Ungar, 1943]. The present paper is mainly concerned 
with the explanation of this phenomenon while other processes of acquired 
resistfince to ‘shock’ are also considered. 

Methods 

The techmque used throughout the experiments is based on the observation 
published by Gotzl & Dragatedt [1942] that blood of normal rabbits, when 
mixed with peptone, releases tn vitro considerable amounts of a substance 
pharmacologically identifiable as histamine. This fact was confirmed and 
extended by usmg the following procedures 

Blood was collected by heart puncture from rabbits and guinea-pigs, and by section of the 
neck from rats, 0 5 o c. was mrsed with I c.o. of 0 9% solution of NaQ {A), and 0 5 c o. with 
loc ofal3% solution of peptone in saline (B). Coagulation was prevented with hepann or 
‘Liquoid Roche’. After centrifuging for 10 mm , the supernatant fluid was collected and diluted 
to 5 c c. 

Histamine was estimated by the usual technique, guinea-pig ileum serving as test object.' 
Unless otherwise stated, results are given m pg of histamme dihydrochlonde per c.o. of blood. 
The amount of histamine released is given by the difierence between the two samples A and B, ' 
takmg mto account the direct action of peptone (P) on the mtestme (H =S -A -P). 

The plasma was tested without previous extraction of the histaaime-like substance. This was 
justified bj companng the results given by six samples tested both directly and also after ex- 
traction with Code’s method [1937]. The mean value of the histamine released was 0 22 ±0 08 
(ig c c by direct estimation and 0 20 ±0-08 with Code’s techmque. In a few cases the fragment 
of ileum was unsmtable either because it reacted strongly to some unknown plasma constituent 
or because it was inhibited by peptone. 

The right amount of peptone to be used, the most convement duration for the contact between 
^plone and blood and the effects of temperature were mveatigated. As peptone is far from 
bemg a wcU defined chemical product, the dose may vaiy from one commercial preparation to 
another. Duration of contact, within the limits of 10 mm. to 2 hr., does not influence the results. 
. Neither was any d ifference observed between mixtures kept at 18 and 38° C. 

• Member of the French Scientific Jlission m Great Bntam. 
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^ Trauma was administered by the quantitative method described previously [Ungar, 19-13] in 
which the amoimt of trauma is expressed in kg.m, of energy spent by a metal rod of known 
weight falling on to the thigh of the animal from a measured height. 

Results were tabulated as means of several (generally eight) identical experiments. A'ariation 
of the mean was expressed in terms of the standard error (s.E.). Tests for significance of the 
differences were carried out by means of the I test [Fisher & Yates, 1943]. In the tables, S beside 
a figure indicates that there is less than 1/20 chance that this figure represents the control amount 
of histamine released. 

Eesults 

Histamine release in normal animals 

It tyas confirmed that peptone releases histamine from rabbit blood in vitro. 
The average amount released in ten rabbits was 0-58 + 0-09 /xg./c.c. The 
amount determined by Gotzl & Dragstedt on the basis of experiments on 
five rabbits was 0'67 + 0-12/rg./c.c. (Both these results are given in terms of 
histamine base.) The agreement is fairly good when allowance is made for 
the fact that in one case histamine estimation was done directly and in the 
other after extraction. “ 

In guinea-pig blood the histamine release, although less pronounced, is still 
measurable and is quantitatively fairly constant. In thirty-nine adult guinea- 
pigs (20 (J and 19 $) the mean release was 0-19 + 0'02/rg./c.c. For males the 
mean release was O-IS ± 0-02, and for females 0‘20 ± O-OS/zg./c.c. Ten immature 
guinea-pigs (each weighing less than 300 g.) gave a lower figure, O-13 + O-Olo 
[ig.fc.c. Although the difference between the adult and immature specimens 
is not significant, aU subsequent experiments were performed on adult animals. 

In the same conditions rat blood also releases histamine. In fourteen adult 
rats of both sexes the mean release was 0T6 ± 0-02^g./c.c. 

Since the amount of histamine released in the blood of normal animals 
shows comparatively httle variation, the above figures can legitimately be 
used for the control of experimental data. 

Histamine release after injection of peptone^ 

The object of the fi]:st series of experiments was the study of histamine 
release in the blood of animals which had received an injection of peptone 
and were therefore in a refractory state. Table 1 shows that blood taken from 


Table 1. The effect of injections of peptone on the histamine release 


Dose of 
peptone 
None. Control 
500 mg./kg. 

100 mg. [kg. 


50 mg./kg. 
10 mg./kg. 



Histamine 


Interval 

pg./ 0 .c. 

±3.E. 



019 

0-02 

24 hr. 

004 

002 

24 hr. 

004 

003 

48 hr. 

003 

0015 

1 hr. 

006 

0025 

20 hr. 

0-11 

0-02 

48 hr. 

018 

0-04 

2 hr. 

012 

005 

2 hr. 

24 hr. 

0-24 

0-17 

002 

005 


No. of 
animals 

39 

S 


S 

s 

8 

S 

8 

8 


Significance 


S 

S 

s 

s 

s 
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guinea-pigs whicli have been given a subcutaneous injection of more than 
50 mg./kg. of peptone released significantly less histamine than normal guinea- 
pig blood. The duration of this reduction of hista m ine release varies with the 
dose of peptone. 

It may be assumed that the decrease of histamine release in vitro is the 
e 3 :pression of the refractory phase which is knowm to foUow the injection of 
peptone. 

The effect of trauma 

In order to investigate whether the resistance to trauma induced by a 
previous injury is a condition related to peptone refractoriness, blood of 
traumatized guinea-pigs was examined. Varying amounts of trauma were 
administered under ether anaesthesia and blood samples collected at different 
intervals. 

Table 2. The effect of trauma on the histamine release 


Amount of trauma 

Interval 

Histamine 

Hg./c.c. 

iS.E. 

Xo. of 
animals 

Xone. Control 


0-19 

0-02 

39 

0-95 kg.m. 

1 hr. 

0-22 

0 045 

8 


2 hr. 

0-275 

0-05 

S 

,, 

3 hr. 

0-225 

0-03 

S 


4 hr. 

0-05 

0-02 

15 


24 hr. 

0-1 

0035 

7 


4S hr. 

004 

0-02 

S 


3 days 

0-04 

0-03 

7 

tt 

5 days 

0-06 

0-03 

' 8 

t» 

7 days 

0-04 

001 

8 

1* 

9-10' days 

0-11 

0-03 

15 

*« 

14-13 days 

0-09 

0-02 

12 

»♦ 

19 days •» 

O-I 

0-025 

10 


23-24* days 

0-22 

003 

9 


29 days 

0-27 

0-04 

6 

0‘i2 tg.m. 

3 days 

0-075 

0-03 

S 


8 days 

0-11 

003 

7 

0-21 kg.m. 

11 days 

0-27 

0-08 

6 

5 hr. 

0-05 

0-02 

S 


48 hr. 

O-OS 

0-03 

7 


• 4 daj'B 

0-11 

0-015 

7 


6 days 

0-17 

0-01 

7 


S days 

0-21 

005 


0-055 kg.m. 

5 hr. 

0-25 

0 03 

s 

^vone. Etker anaesthesia 

24 hr. 

0-27 

0-025 

s 

— 

0-05 

001 

6 

None. Haemorrhage, 

1 % body weight 

1 hr. 

0-16 

0-015 

Q 

4 hr. 

0-24 

04)1 

7 


24 hr. 

0-24 

0-015 

S 


Signi- 

ficance 


S 

S 

S 

B 

S 

s 

s 

s 

s 


s 

s 


s 

s 

s 


s 


Results, shown^in Table 2, clearly indicate that 4 hr. after trauma histamin 
elease in vitro is reduced and that the reduction lasts for a period related t 
the amount of trauma. With a trauma of 0-95 kg.m. the reSl to ' 
recpures 19-23 days, with 0-42 kg.m. 8-11 days and with HT 

recovery of the normal histamine^ release coincides with the clh^ci 
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healing of the wound. A control series of animalB, submitted to ether anaes- 
thesia but not traumatized, shows that while blood of animals under ether 
releases little histamine, the amount released is again normal 1 hr. later. The 
purpose of another control series of experiments was the study of the effect 
of direct blood loss. Haemorrhage amounting to 1 % body weight has no 
effect. 

Passive transfer of resistance 

Table '2 shows that increased resistance to trauma, like peptone refractori- 
ness, is accompanied by an inhibition of the histamine release in vitro. The 
next step was to examine whether this inhibition can be induced by the 
injection of the serum of resistant animals. In these experiments blood 
samples were collected 2 hr. after subcutaneous injection of sera taken, 
at varying intervals, from guinea-pigs which had been traumatized with 
0-95 kg.m. Results of these experiments were compared with those given by 
the serum of animals treated with peptone or having had an -anaphyractic 
shock. The latter guinea-pigs had been sensitized with egg albumin and 
3 weeks later were tested intracardially with the antigen.- All showed signs 
of shock but recovered and were subsequently killed and bled. 


Table 3. Passive transfer of the inhibition of hist amin e release 


Serum from 
No injection. Control 
Normal guinea-pigs 
Guinea-pigs traumatized under ether 
0 hr. previously ■ 

Guinea-pigs traumatized under ether 
24 hr. previously 

tf 

Guinea-pigs traumatized under ure- 
thane 6 hr. previously 
Guinea-pigs traumatized under ure- 
thane 24 hr. previously 

Guinea-pigs injected with 600 mg./kg- 
peptone 4 hr. previously 

Guinea-pigs injected mth 600 mg./kg. 
peptone 24 hr. previously 


Guinea-pigs ha\’ing had anaphylactic 
shock 3 hr. previously 

Guinea-pigs having had anaphylactic 
shook 24 hr. previously 


Table 3 shows the limit of activity 
Guiaea-pigs injected with these sera 


Dose 

Hifitamiue 


No. of 

Sign!- 

o.c./kg. 

pg./c.C. 

±S.E? 

pnimftJfl ficauce 

— 

O-IO 

0-02 

39 


2 

0-176 

0-026 

12 


0-001 

• 008 

0-02 

8 

S 

0-0001 

0-17 

0-02 

8 


0-001 

006 

002 

8 

S 

0-0001 

0-21 

0-03 

8 

- 

2 

0-16 

0-036 

4 


0-01 

003 

0-01 

8 

S 

0-001 

0-19 

0-04 

8 


0-1 

0 

— 

8 

s 

0-01 

0-22 

004 

8 


2 

0-025 

0-01 

8 

s 

0-1 

0-125 

0-025' 

8 


0-01 

0-175 

0 02 

8 


0-5 

0-06 

0-02 

S 

s 

0-1 

0-19 

0036 

*8 


0-5 

0-01 

0 005 

8 

s 

0-1 

0-lS 

0 03 

8 


of sera 

collected from resistant animals. 

release significantly less histamine than 
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normal animals or animals injected with normal guinea-pig serum. The activity^ 
of various sera shows considerable variation according to the conditions m 
which resistance has been acquired. For clearer understanding of thd results, 
the activity of sera may be expressed in terms of a unit definectas the 
TTiinimnTn dose which, when injected into normal guinea-pigs, significantly 
reduces the amount of histamine liberated tii vitvo. In this way, serum from 
normal guinea-pigs contains less than 0‘5 umt/c.c., while serum from animals 
traumatized under ether contains between 1000 and 10,000 units/c.c. This 
difference may explain why peptone refractoriness cannot be passively trans- 
ferred, whereas resistance to trauma can. Experience has shown that, in 
order to produce effective protection against peptone shock or trauma, several 
hundred units must be injected per kg. body weight. 

Table 3 also shows that urethane tends to prevent the development of 
resistance. Serum of guinea-pigs traumatized under urethane is not more 
active than normal serum and activity develops only when the anaesthetic 
effect of urethane comes to an end (between 100 and 1000 units/c.c. 24 hr. 
after). These findings agree with other experimental facts. Subcutaneous 
injection of 500 mg./kg. of peptone into eight guinea-pigs under urethane 
anaesthesia (1 g./kg.) resulted in 100% mortality, whereas the same treatment 
given to unanaesthetized guinea-pigs failed to IdU any. It wa^ also shown in 
a previous paper [Ungar, 1943] that trauma of 3-8kg.m. administered in 
specified conditions to uiethanized guinea-pigs resulted in 100% mortality. 
The same amount of trauma given in the same conditions but under ether 
anaesthesia had no lethal effects. 

Anaphylactic shock produces a serum of low activity. It seems certain 
that anaphylactic desenaitization is brought about by means of a saturation 
of antibodies which cannot be transferred. The slight activity of sera (between 
2 and 10 units/c.c.) may perhaps explain the relative protection afforded by 
anaphylactic shock against the effect of peptone. 


The action of drugs 

The next question examined was whether histamine release can be affected 
by drugs. All drugs were given subcutaneously, with the exception of urethane 
which was injected intraperitoneally. 

Table 4 shows that histamine, urethane, adenosine phosphoric acid and 
aneurine have no effect on histamine release. Among the substances which 
inhibit histamine release are those that showed a definite beneficial action on 
post-traumatic mortaUty, e.g. ascorbic acid and nupercaine [Un^ar 1943] 
The better results in preventing post-traumatic mortality obteined with 
nupercame can now be explained by its quick and long lasting action On 
the other hand, the long delay between the administration and the beginiuin. 
of the action of ascorbic acid may explain certain reports of its fafiure to 
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Table 4. Action of drags on the histamine release 


Drug 

Dose 


Histamine 


No. of 

Signi- 

per kg. 

Interval 

Mg./o.c. 

iS.E. 

animals 

ficance 

Control 

— 



0-19 

0-02 

39 


Histamine HCl 

2 '6 mg. 

3 hr. 

0-166 

0-0? 

7 


Urethane 

Ig. 

1 hr. 

0-22 ' 

0-04 

20 


ft 

Ig- 

24 hr. 

0-19 

0-06 

7 


Adenosine phosphoric acid 

10 mg. 

3 hr. 

0-19 . 

0-02 

8 


>> 

10 mg. 

24 hr. 

0-24 

0-03 

7 


Aneurine 

10 mg. 

3 hr. 

0-28 

0-06 

8 


Ascorbic acid 

100 mg. 

ihr. 

0-2 

0-026 

8 


ft 

100 mg. 

1 hr. 

0-16 

0-04 

8 


»» 

100 mg. 

2 hr. 

0-08 

0-03 

8 

S 

ft 

100 mg. 

3 hr. 

0-04 

0-02 

8 

S 

tf 

100 mg. 

6 hr. 

0-04 

0-02 

8 

S 

ft 

100 mg. 

13 hr. 

006 

0-03 

8 

S 

ft 

100 mg. 

24 hr. 

0-16 

0-03 

8 


It 

100 mg. 

48 hr. 

049 

0-03 

7 


Nupercaine HCl 

4 mg. 

12 min. 

0-09 

0-026 

8 

S 

ft 

4 mg. 

i hr. 

004 

0-02 

8 

S 

tf 

4 mg. 

4i hr. 

0-1 

0-03 

8 

S 

ft 

4 mg. 

24 hr. 

0-06 

0-02 

7 

S 

ft 

4 mg. 

48 hr. 

0-2 

0-01 

7 


Procaine HCl 

100 mg. 

4J hr. 

0-07 

0-02 

8 

S 

ft 

100 mg. 

24 hr. 

0-19 

0-046 

8 


ft 

100 mg. 

48 hr. 

0-185 

0-025 

7 


Cocaine HQ 

40 mg. 

3 hr. 

0-06 

0-02 

8 

s 


40 mg. 

24 hr. 

0-07 

0-03 

8 

s 

Adrenaline HQ 

0-1 mg. 

2 hr. 

0-03 

0-01 

8 

s 


protect against anapliylactic and peptone shock [Eyer, Dragstedt & Eamirez, 
1938; Dragstedt, Eyer & Ramirez, 1938], Table i also shows that procaiae 
has a comparatively short action on histamine release; this may explaia its 
inabOity to prevent post-traumatic mortahty. As cocaine was also found 
active, it is possible that the power to inhibit histamine release in vitro is iu 
some way related to local anaesthetic action. High, unphysiological doses of 
adrenaline also have an effect on histamine release. 

It could be asked whether the inhibition of histamine release induced by 
drugs can be transferred to non-treated guinea-pigs by injecting the serum 
of treated animals. Serum of animals treated with ascorbic acid or nupercame 
was therefore injected into normal guinea-pigs. Blood from eight guinea-pigs 
injected with 1 c.c./kg. of ascorbic acid serum released 0‘19 + 0-02/xg./c.c. 
histamine. Nupercaine serum injected into eight guinea-pigs at a dose of 
O'l c.c./kg. gave a release of 0-07 + O'02/xg./c.c. and at a dose of O’Ol c.c./kg. 
gave 0-21 + 0-03 pg./c.c. It seems therefore probable that ascorbic acid has a 
direct action since the serum of animals treated with this substance is in- 
active. Nupercaine, on the other hand, probably acts by producing some 
other substance which is contained in the serum of treated animals in amounts 
of 10-100 units/c.c. 
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The effect of adrenalectomy 

The following series of experiments was designed to determine the origin 
of the inhibitory substance present in the serum. An attempt ?ras first made 
to determine the part played by the adrenals in the production of this sub- 
stance. Table 5 shows a comparison between normal rats and rats adrenal- 
ectomized 2 days previously and maintained on salt water. It is clear that 


Table 5. Histamine release in the blood of normal and adrenalectomized rata 


Treatment 

Xone. Control 
Peptone, 500 mg./kg. 
Trauma, 1-9 kg^m. 
Ascorbioacid, 100 mg. (kg 
Kupercaine, 20 mg./kg. 
Adrenaline, 0-5 mg./kg. 
Adrenal cortical extract, 
0-1 mg./kg. 

Scrum of traumatized 
guinea-pigs, 2 c.c./kg. 


Normal rata 


Adrenalectomized rats 


Hist- 



, 

Hist- 




amine 


No. of 

Signi- 

amine 


No. of 

Signi- 

^./c.c. 

±3.E. 

animals ficance 

/ig./c.O. 

±s.x. 

animals 

ficance 

0-15 

0-02 

14 


0-27 

0-07 

12 


003 

001 

8 

s 

0-16 

0-02 

- 8 


0 W 

002 

8 

s 

0-22 

0-03 



. 0 025 

0-02 

8 

s 

0-01 

0-01 

7 

S 

0-03 

0-01 

8 

s 

0-21 

0-035 

8 


003 

0-01 

8 

S ^ 

0-21 

0-02 

8 


0-025 

001 

8 

s 

0-03 

0-02 

8 ■ 

S 

003 

0-01 

8 

s 

0-29 

0-06 

8 



normal rats, like guinea-pigs, release less histamine when subjected to peptone, 
trauma, ascorbic acid, nupercaine, adrenaline, adrenal cortical extract and 
senun of traumatized animals. Adrenalectomized rats, however, are affected 


only by ascorbic acid and cortical extract. The action of ascorbic acid was 
to be expected from the results of experiments with the serum of guinea-pigs 
treated with this substance. A crude cortical extract at a dose corresponding 
to O'l mg. of fresh gland inhibited the histamine release both in normal and 
adrenalectomized animals. However, the active substance of this extract 
cannot be the same as the inhibitory substance of the serum since the latter 
has no action in adrenalectomized animals. 


The effect of adrenalectomy and hypophysectomy on the production 
of the inhibitory substance 

While the adrenals seemed to be indispensable for the inhibition of histamine 
release (except in the case of ascorbic acid), the site of production of the 
inhibitory substance of the serum was to be found elsewhere. An obvious 
organ to be examined was the pituitary body. Tepperman, Engel & Long 
[1913], reviewing the literature of adrenal cortical hypertrophy concluded 
that changes in the adrenals can only be brought about through the pituitary 
In order to examine the parts played by the-adrenals and pituitary in the 
production of the inhibitory substance, guinea-pigs were injected with serum 
collected from normal, adrenalectomized and hypophysectomized rats sub- 
mitted 0 hr. previously to a trauma of 0-95 kg.m. Guinea-pigs injected with 
uoriiial rat serum were used as controls. 
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sam^orl traumatized rats has an activity of the 

The ^ Similarly treated guinea-pigs (1000-10,000 units/c.c.). 

The serum of.adrenalectomized and traumatized rats has the same activity. 


Table 6. Activity of sera from normaJ, adrenaleotomized and 
hypophyseotomized rats after trauma 


Serum from 
None. Control 
Normal rata 

Normal traumatized rata 

>1 

Adrenalectomized traumatized rata 

I* 

Hypophysectomized traumatized rats 


Dose 

JSistamine 


No. of 

Signi- 

o.c./Jcg. 

pg./o.e. 

±S.B. 

animals 

ficance 

— 

0-10 

0-02 

30 


01 

0-22 

0-02 

8 


0-001 

0-03 

0-01 

8 

S 

0 0001 

0-16 

0-02 

8 


0 001 

0-02 

' 0-01 

8 

S 

0-0001 

0-21 

0-02 

8 


0-1 

0-2 - 

0-026 

8 



ow, according to Table 5, blood from adrenalectomized and traumatized 
rats re eases a normal amount of histamine. This can be explained by ass umin g 
t at adrenalectomy does not prevent the production of the inhibitory sub- 
stance but that this substance can only act through the adrenals. On the 
other hand, Table 6 indicates that the inhibitory substance is not produced 
in the absence of the pituitary. 


Effect of adrenal' and pituitary extracts 
Adrenal and pituitary extracts were finally tested in guinea-pigs. The 
results summarized in Table 7 show that both glands contain highly active 
products. A crude adrenal extract in saline contains 100,000-1,000,000 units/g. 
of fresh tissue. A crude alkaline pituitary extract has the same activity. 
Inver extract, tested as control, contained no active principle in 100 mg. 

Ta bt i B 7. Effect of adrenal and pituitary extracts on histamine release 


Extract 

Dose* 
per kg. 

JECistamine 

pg./o.o. 

±a.E. 

No. of 
animals 

Signi- 

ficance 

None. Control 



0-19 

0-02 

39 . 


Guinea-pig liver 

100 mg. 

0-17 

0-02 

8 


Eat adrenal 

100 mg. 

0-03 

0-01 

8 

S 

Guinea-pig adrenal 

1 mg. 

0-02 

0-006 

8 

S 

>> 

0-01 mg. 

0-03 

0-01 

8 

S 


0-001 mg. 

0-21 

0-03 

8 


Whole cortical extract,. Kendall 

1 mg. 

0-026 

0-02 

8 

S 


0-1 mg. 

0-19 

0-06 

8 


Desoxycorticosterone acetatef 

-.2 mg. 

0-19 

0-02 

- 8 


it 

10 mg. 

0-19 

0-035 

S 


Guinea-pig pituitary 

0-01 'mg. 

0-06 

0-02 

8 

S 

it 

0-001 mg. 

0-19 

0-02 

8 


‘ Antex*f 

0-1 mg. 

0-04 

0-01 

8 

S 

it 

0-01 mg. 

0-21 

0-02 

8 


‘ Corticotrophin’t 

0-01 pg. 

0-04 

0-02 

8 

S 

» 

O-OOlpg. 

0-23 

0-03 ■ 

8 



• Unless otherwise stated, doses are given in weights corresponding to fresh tissue, 
t Dose given in weight of pure product. 
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■ Purified products ate less active. A xrlxole cortical, extract prepared by 
Kendall contains betrveen 1000 and 10,000 units/g. of fresh tissue. .Synthetic 

desosycorticosterone acetate is inactive. A commercial preparation o anterior 

pituitary (‘Antex’) contained only between 10,000 and 100,000 units/g. of 
dry substance. However, the most powerful product tested so far is a cortico- 
trophic hormone* containing between 10» and 10® units/g. of dry substance. 

The most likely explanation of the inhibition of the normal histamine 
release in blood in vitro is that after certain stimuli (tissue damage, peptone 
injection, administration, of drugs, etc.) the pituitary releases into the circu- 
lation an active principle that stimulates the adrenals, which in their turn 
act directly or indirectly on the blood cells. Further investigation is necessary 
in order to determine the mechanism of this action more precisely. 


Discussiox 


Liberation of histamine from isolated tissue fragments has already been used 
as a test for anaphylactic sensitivity and desensitization [Ungar & Parrot, 
1936; Schild, 1937; Campbell & Nicoll, 1940]. Katz [1940] was the first to 
use blood for in vitro anaphylaxis. Histamine release can also be used as a 
test for peptone shock since Feldberg & O’Connor [1937], Dragstedt & Mead 
[1937] and Tinel, Ungar & Parrot [1938] have shown that peptone acts largely 
by releasing histamine from certain tissues. It is probable that lung tissue 
provides the mam source of histamine in guinea-pig anaphylactic and peptone 
shock and that blood cells are only of secondary importance. 

The fact that histamine liberation is used as a test does not imply that it 
is the only or even the main substance released. The reason for using histamine 
is that it can be detected in extremely small amounts by a comparatively 
easy technique. 


Desensitization, which follows anaphylactic shock, is generally ascribed to 
the saturation of antibodies. No such explanation can be put forward to 
explain the refractory phase brought about by peptone. Peptone has no 
antigenic properties [Fink, 1919] and peptone shock therefore is not the ex- 
pression of an antigen-antibody reaction. Mead, Dragstedt & Eyer [1937] 
and Dragstedt [1943] suggest that refractoriness is the result of the exhaustion 
of the histamine supply of certain cells and can therefore be brought about 
only after heavy shock and not at aU by injection of small doses or by sub- 
cutaneous administration. If inhibition of the histamine release in vitro can 
be accepted as a criterion of refractoriness, this condition can without doubt 
be mduced by smaU subcutaneous doses giving no shock and presumably no 
appreciable hberation of histamine. Moreover, Feldberg & O’Connor 119371 
have found that m isolated and perfused lung a second injection of peptone 
may give nse to a higher histamine output than the first. Exhaustion of the 
* I am indebted to OrBOuon Ubomtories Ltd. for generou, supply of ‘Corticotrophiu' 
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histamine supply can play some part in anaphylactic desensitization as in 
peptone refractoriness but just as the primary cause in the first case is the 
satiation of antibodies, in the second it is probably some other process. 

l^eptone refractoriness probably belongs to the non-specific conditions of 
resistance described under the name of tachyphylaxis [Champy & Gley, 1911] 
or skeptophylaxis [Ancel, Bouin & Lambert, 1911], It is probably related to 
the phenomena described by Selye [1937] as adaptation to' ‘alarming’ stimuli. 

e experiments reported in this paper may supply an explanation for the 
niec anisms involved in these reactions. Selye has shown that ‘adaptation’ 
IS accompanied by an increase in the volume of the adrenal cortex. Tepperman 
al. [1943] have reviewed the various conditions in which adrenal cortical 
hypertrophy had been observed, e.g. injection of peptone [Whitehead, 1932], 
exposure to excessive cold or heat, trauma, burns, starvation, muscular 
exercise, adrenaline, formaldehyde, etc., and they suggested that the common 
factor present in most cases to which the adrenals react is the presence of 
protein breakdown products in the circulating blood. 

The experiments described in the present paper give confirmation of the 
part played by the adrenals and the pituitary in the non-specific protective 
or adapts tive’ process suggested by morphological observation. These experi- 
ments may also explain why adrenalectomized animals are highly sensitive 
to trauma [Freed, 1932; Swingle & Parkins, 1936; Swingle, Parkins, Taylor 
& Hays, 1938; Hechter, Krohn & Harris, 1942; Noble & CoUip, 1942]. In- 
creased sensitivity to various stimuli was also observed in hypophysectomized 
, animals by Tyslowitz & Astwood [1942], Noble & CoUip [1942], Joseph, 
Schweitzer & Gaunt [1943] and Reiss, Macleod & GoUa [1943]. The latter 
rvriters have also observed that corticotrophic hormone protects animals 
against shock-like conditions. 

The experiments described above suggest that certain stimuU bring about 
the secretion by the pituitary of a hormone included in the corticotrophic 
fraction. This hormone, through the mediation of the adrenal cortex, deter- 
mines a change in the blood cells and probably other tissues which can be 
detected by the reduced capacity of blood cells to Uberate histamine under 
the action of peptone. From the practical point* of view the cellular change 
determined by the joint action of the pituitary and the adrenal cortex is 
beneficial to the animals which become resistant to any further action of the 
stimuli. The protection thus created is not specific, i.e. the refractory state 
created by peptone affords protection against the effects of tissue damage 
and vice versa. With certain quantitative Umitations, the protective action 
can be transferred by injecting sera containing the active principle into 
animals not subjected to the original stimulus. 
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SlXiEMABY 

1. Blood of normal rabbits, guinea-pigs and rats, vrhen mixed in vitro 
vdth. peptone, liberates bistamine into tbe plasma. The amount of histamine 
released per c.c. of blood shows little variation within the same species. 

2. Histamine release is significantly reduced in the blood of guinea-pigs 
and rats submitted to the action of peptone, trauma or certain drugs (adre- 
nahne, local anaesthetics, ascorbic acid). 

3. Inhibition of histamine release can be transmitted to normal animak by 
mjection of the serum of traumatized animals. A umt is defined for measuring 
the activity of these sera. 

■4. Evidence is given that the mhibitory substance present in active sera is 
produced by the pituitary and acts through the adrenals. 

5. The significance of the reaction is discussed from the point of view of 
peptone refractormess, non-specific resistance and induced insensitivity to 
traumatic shock. 

I Ehonld like to thani. Dr S. Znckermaa, FJS-S , for his continued interest and help m this 
ivork, which was m part earned oat m the Department of Human Anatomy by kmd permi^ion 
of Prof. Le Gros Clark, F Jt.S. lly thanks ate also due to Prof J. A. Gunn, who placed the ficihnes 
of the Xnffield Institute at my disposah I am gratefol to Dr B. D. Bunn, and Dr P. L. Krohn for 
their helpful criticism and to hime A. Gngar for her coHaboratiou m the experimental work. 


P>EFEREXCES 


Anceh Boom & Lambert [1911] CM Soc Biof., Pans, 71, 4J.5. 

Campbell. DHL XicoU. P A. [1940] J Immunol. 39, 103. 

Champy, C i Glev. E [1911]. CM Soc Biol., Pam, 71, 159 
Code, C F [1937]' J Ffiy,iol 89, 257 
Dragstedt, C A. [1943] J Immunol. 47, I, 

Dragstedt, C A., Ever, S W. & Ramirez de Arellano, IL [193S]. Proc. Soc. exp Bid . S.T.. 
38, 641 

Dragstedt C. A. i Mead, F B [1937] J Plairmacol 59, 429 

Ever. S , Dragstedt, C. A. 4 Pvamirez de Arellano, IL [193S]. Proc. Soc. exji Bid , X.T., 


Feldberg W 4 0 Connor. TV J [1937] J. Physiol. 90, 2SS. 

Fink. E B [1919] J infect Dis 25, 97 

^her, R 4 \ate3. F [1943] Statistical TahUs, And ed. Ohter nuO Bovd. 

Freed, S C [1932] Proc Soc exp Biol , A .1'., 30, 677. 

Gotzl, F R 4_ Dragstedt C A. [1942] J . Pharmacol. 7i, ZZ 
Hechter. 0 . Krehn, L. 4 Hams, J. [1942] Endoenndogy, 31, 439 
Joseph. S SchweiUer. M 4 Gaunt, R [1943] Endoenndogy, 33, 161. 

Katz, G 11940] Science, 91, 221. 

Mead, F B . Dragstedt. C A. 4 Ever. S W [1937] Proc. Soc. exp. Bid., XT 37 S 
Aoble. R L [1943] Amer J Pbysid. 133, 346 ^ b. 

Noble, R R4CoUip, J B [1942] Quart J exp Physiol. 31, 201. 

^ ® 4Golla,V M.L.[1943] J.Endocnnd.Z ->9’ 

Schdd. H O [1937] J Phynd 90, 34P «■ o, .-a.. 

Selje, H- [1937] EnJccnn(^i>j^f 21 , 169 

Tepwnnan. 

l ngar, G. 4 Parrot J L.’ [1930]. CM. Soc Bid Pans ton a-.- 
\s hitehcad, R. [1932] Brk. J. Lp. Path, 


’ \t u D -liner. J. Physid. Ill, 426. 

\\ . Parkins, \V. 5L, Tarlor, .4. R. 4 Havs H. if riOksI r oi i 



J. Physiol. (1944) 103, 344-349 


612.141 


AN OPTICAL METHOD FOR RECORDING PERIPHERAL 
BLOOD PRESSURES AND PULSE RATES 
IN UNANAESTHETIZED AND IN 
ANAESTHETIZED RABBITS 

By C. B. B. DOWNMAJSr, COLINA C. MACKENZIE Am> B. A. McSWINEY 
-From the Sherrington School of Physiology, St Thoinas’s Hospital 

{Received 10 May 1944) 

A method of recording the systolic pressure in the ear artery of a rabbit is 
reported in this paper. It is an extension of the method described by Grant 
& Rothschild [1934], the arterial pulses being recorded on bromide paper. The 
records are therefore permanent and the subjective element in the measure- 
ments is avoided; also, the pulse rate can be counted on the records. Measure- 
ments may be made every quarter minute in anaesthetined and in un- 
anaesthetized rabbits. The system includes a Grant ear capsule filled with 
water. At the end of the paper we describe the manufacture of a waterproof 
inelastic membrane for the capsule. 

Description of apparatus 

The method is based upon the obliteration of the pulse in a short length of the ear artery by 
pressure transmitted through the membrane of the Grant capsule. The pressure in the capsule is 
first raised high enough to obliterate the artery; then, as the pressure falls, a point is redohed when 
blood spurts across the compressed section of the artery with each pulse : this point corresponds to 
the systolic pressure. The high occluding pressure is borne by a thick rubber membrane and the 
arterial pulses are picked up by a thin rubber membrane. 

The pulse recorder (Fig. 1 A) consists of a short length of ivide bore brass tubing (a) the ends o 
which are closed by brass plates (6), grooved for the reception of the tube and clamped together 
by five long bolts (c). The back plate incorporates a shallow cup (d) of large diameter carrying the 
thick rubber membrane (m) with a large surface area. The front plate has a short projecting me 
tube (c) closed by a thin rubber membrane (t). This membrane carries a light plane mirror mount 
on a piece of cork hinging on the flat edge of the tube. A narrow bore brass side tube (/) an a 
length of narrow glass tubing servo as a compensator tube. ■ 

The oar capsule and the pulse recorder are connected by short lengths of wide gloss -tubing an 
rubber connexions (Fig. 1 B). Attached to the system is a gloss syringe or pressure bottle for con- 
trolling the pressure levels: a small brass funnel carrying a thick rubber membrane an a muror 
acts as a pressure recorder. The whole apparatus is filled with boiled ^vater. ° ^ 
occluding pressure levels are recorded optically on bromide paper. A signal mar er cu o a m 
of light every second. 
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^ . Use OF APEARATES 

compression of the artery, xn Bie^ure chancre is not too 

driving the flnid into the compensator tube. If the pre.^ure cnan. 




Fi'/. lA. Perspective and aectional iliasrams of the pnliC recorder, (a) Brass rnhe; (6) brass plate; 
(c) bolts; (d) shallow cup; («) projecting tube; (/) side tube; (ni) thick rubber membrane; 
(1) thm rubber membrane. B. General arrangement of apparatus. 


rapid the base line remains steady and each pulse vave is picked np by the 
thin outer membrane. Pulsations of the ear artery can therefore be recorded 
simultaneously with the occluding pressure. "With rapid changes of pressure 
compensation is incomplete, with the residt that the thin membrane also bulges 
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forward, causing a shift of the base line. The pressure recorder is calibrated so 
that the record of the occluding pressiu'e can be read in terms of mm. Hg. The 
optimum rate of fall of pressure i^ust be determined for each membrane, the 
change being of such an order as to allow for the onset of pulsation to be 
clearly distingmshed without causing shift of the base line. An easy control 
of the pressure fall was provided by a screw clamp regulating the reflux of 
water into the syringe. 

The pulse record (Fig. 2) shows small oscillations in time with the heart 
beat, even when the artery under the ear capsule is obhterated by a high 
occluding pressure. This is caused by small vibrations of the rabbit’s body, set 
up by each heart beat, being transmitted along the fluid of the recording system 
and being picked up by the recording mirror. Systohc pressmre is found by 


Falling occluding pre^ure 



Fig. 2. Samples of recorded ear artery pulses picked up by puls© recorder. Rise of the occluding 
pressure line represents fall of occlusion pressure. The second sample strip shows how the 
‘systolic pressure point' is related to the occluding pressure line. 

drawing a vertical line through the place where there is the first obvious pro- 
gressive increase of size of the recorded pulse as the occluding pressure falls. 
^^Tlen there is difiiculty in finding the place it is helpful to draw lines on the 
recojrd skimming the crests of the base-line oscillations (Fig. 2). The vertical 
line cuts the occluding pressure line at the pressure corresponding to the 
systolic pressure. We could not obtain any reliable index of the diastohc 
pressure from these records. . 

Validity of the method 

The pressures recorded optically were compared with those obtained by the 
original method of Grant & Rothschild. iVhen the optical records were being 
taken, a hght was flashed on to the camera slit when the blood was seen to 
spurt along the artery. The first recorded pulse generally appeared a short time 
before the signal (Fig. 3). This interval was due, at least in part, to the delay 
between the visual observation and the signal. The measurements, however, 
agreed to within'a few mm. Hg, and the correspondence was equally good at 
all pressures. 
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Comparisons were also made between pressures obtained from tbe ear artery 
and the carotid blood pressure (Fig. 4). At pressures of 80-100 mm ^he ^ 
pressure was found to be 2-5 mm. Hg lower than the mean caxotud level. This 
is in agreement with values found by Grant & Eothschild. At low pressures 



Fig. 3. Record showing relation between photographic and visual determination of systolic 
pressure. Tnt- line d drawn on record indicates the systolic pressure point determined photo- 
graphically. Line B on record was made by flashing a light on to the c^era slit when blood 
first spurted along the artery under the capsule. Occlusion pressure in mm. Hg. Photographic 
systolic bj. = 75 mm. Hg; visual systolic b.p.= 71 mm. Hg. 



Fig. 4, Record showing relation between recorded systolic pressure in ear artery and the mean 
oarotid blood pressure. Ear pulses recorded from right ear; carotid b.p. by cannula in left 
carotid artery. Urethane anaesthesia. Carotid bjp. and occluding pressure (oj.) scales in 
mm. Hg. Mean carotid b.p. =97 mm. Hg; ear artery systoUc pressure = 92 mm. 

(30-50 mm. Hg), produced by bleeding, tbe correspondence was approximately 
the same m o0% of the animals. In the remainder, however, the divergence 
increased to 15-20 mm. Hg. Care was taken to keep the ears warm durinc 
observations, as it was realized (Grant & Rothschild) that constriction of th' 

ear artery may cause the systolic pressure tofrill 20-30 mm. Ho below the mea' 
carotid level. ° 
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Observations were also made to ascertain whether the pulsations record 
were an accurate indication of the heart rate (Fig. 6). Heart rates count 
from an optical record of the carotid artery, or from an electrocardiogra 
agreed exactly with the pulse waves recorded simultaneously from the ear oi 
a wide range. Irregular rhythms, such as extrasystoles, were record 
faithfully. 


/ 



Seconds 


Carotid pulses 


Ear pulses 


Base line 


Fig. 6. Record showing correspondence between ear artery pulses, recorded from capsule on n 
ear, and carotid pulses, recorded from cannula in left, carotid artery. Urethane anaesthesia 


Treatment op the animals 

Careful control of the state of the a nim al is needed to ensure uniform resul 
It is essential that the animals remain quiet when records are being takt 
Unanaesthetized animals were placed, in a wooden box with the head pi 
truding through a hole in one side. Records have also been obtained frc 
rabbits anaesthetized with urethane (1-6— 2-0 g./kg.) or nembutal (40 mg./ 
or more if needed). 

The ear vessels should be fully dilated and external conditions kept as co 
stant as possible. The animals were placed on a heated table in a warm roo 
(17-24° C.) free from draughts. At first the ears were cold, and the vessi 
scarcely visible, but as the animals became warmer the ear vessels dilate 
contracted rhythmically. These cycles became more prolonged and the ve^ 
remained dilated unless the ears were handled, when the vessels constnc e 
Later, this irritabihty was lost, the vessels remaining fully dUated even w 
the ears were handled ; venesection caused only a shght transient coMtric 
If the animals were not disturbed, and the ears were kept warm, ^ ® 
remained fuU and prominent, even with a systolic pressure of 30 mm. 
following bleeding. 


Preparation of membranes for the Grant capsule 

In the original method of Grant & Rothschild, the car capsules f "^ned notur 
This .vas difficult to obtain at the time and a search was alipp. 

snxiaage skin proved the most useful. Wet sausage skm, as 
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over a bofling tube and dipx)ed into methylated spirits for a feir seconds, and then into absolute 
alcohol. The ?kin dijed rapidly in air and could be opened out into a sheet. It irithstood air 
pressure irell, and ivas transparent when moistened with glyceroL Constant mbbing on the ear, 
however, caused leaks, and the sHn was damaged by water. These delects were overcome by coat- 
ing the sHn on both sides with liquid rubber latex and allowing it to dry, or, better, by sealing 
a thin sheet of latex rubber to the skin with rubber solution. The skin was stretched over the neck 
of a coated with a thin layer of rubber solution, and the latex sheet laid on top of it, any 
air hubbies between skin and latex sheet being worked out to the side with the fingers. The rubber 
sheet was not stretched but simply rested on top of the sausage skin. The preparation was left to 
dry for 24 hr. in a warm place. These membranes were transparent, air-tight, water-tight, and 
inelastic. In use the rubber side of the membrane was exposed to the water inside the ear capsule. 


SuMilABT 

1. A method is described for recording optically the systolic pressure and 
pulsations in the ear artery of the rabbit. ^ 

2. The method can be applied to both nnanaesthetized and anaesthetized 
animals. No preliminary operation is required. 

3. The relation between the peripheral and central blood pressure -is 
discussed. 

4. Directions are given for preparing inelastic transparent, waterproof 
membranes for use with the Grant ear capsule. 

One of ua (Colina llackenzie) is indebted to the Medical Research Council for a personal grant. 
Part of the expenses of the investigation has been de&ayed by a grant from the Government 
Grant Committee of the Royal Society. 
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THE EFFECTS OF ACUTE HAEMORRHAGE ON THE 
PERIPHERAL BLOOD PRESSURE IN UNANAESTHETIZED 
AND IN ANAESTHETIZED RABBITS 

By C. B. B. DOWNMAN, COLmA C. MACKENZIE anp B. A. McSWINEY 
From the Sherrington School of Physiology, St Thomas's Hospital 

{Received 10 May 1944) 

, The consequences of haemorrhage in animals have been frequently described! 
but few observations have been made on the effects of a single acute loss. 
It is also of interest to note that investigators have paid little attention to the 
complicating effects of anaesthesia. ' 

The experiments described below were undertaken to stildy the effects of a 
single acute haemorrhage on the arterial pressure and heart rate of un- 
anaesthetized' and anaesthetized rabbits. 

I 

Method 

Adult rabbits fed on a mixed diet were used. Body weight varied between 1-4 and 3-7 kg. In early 
experiments the systoUo pressure in the central artery of one ear was estimated by the method of 
Grant & Rothschild [193*4]. Heart rate was counted by two observers simultaneously, usihg t\ro 
sets of ear-pieces- attached to the stethoscope bell. Later, an optical method of recording systolic 
pressure and pulsations of the ear eirtery was developed [Downman, ilaokenzie <k McSwiney," 
1944]. The experiments were done in a warm room, and care was taken to ensure that the ear 
vessels were fully dilated before making observations. As the ears became warmer, the arteries 
dilated, but would contract if the ear was handled; later this irritability was lost, and the vessels 
did not respond to handlin g the ear [Downman el aU 1944J. Uniform series of pressure readings 
could now be obtained and there wets no contraction of the arteries when the other ear was cut. 
Repeated observations of systolic pressure and heart rat© were made to ascertain that a steady 
state was reached before bleeding. Unanaestbetized animala were restrained in a wooden box, 
mth the head protruding through a hole in one side, and were not disturbed during the 
experiment. 

In the normal blood- pressure range the systolic pressure in the dilated ear artery lies only 
2-6 mm. Hg below the mean carotid pressure. At low pressures, such as occur after bleeding, 
differences of 20—30 mm. Hg have been observed. The pressures recorded in these experiments 
must, for the present, be recognized only as samples of peripheral arterial pressures. 

Blood was from the large vein at the base of the other ear.* The dorsal surface of the ear 

was shaved and the skin around the site of the proposed incision smeared with vaseline to prevent 
blood spreading. A quick cut with a sharp scalpel along the long axis of the vein divided the skin 
and the wall of the vessel. The blood was collected in small beakers. 

To produce general anaesthesia urethane dissolved in normal saline was injected into the 
' marginal vein of the ear. One group of animals received l*4r-l’6 g. urethane per kg. body weight; 
another group received 1*64-1*9 g. per kg. The effects of the different doses are described later. 



SAEilOERSAGE ASD PBBIPHERAL BLOOD PP^SSUEE 351 


Itssrxas 


E naiiaesthciizcd rabbiis 


On cntting the vein, Wood flowed rapidlv for firom 3 to 5 m in. Tlie flow then 
flowed quite snddenlj; oonng continued for several minutes and then ceased 
endrelT. 

The volume of blood lost varied riom 12 to 51 mi, bur trith one exception 
this did nor exceed one-third of the calculated blood volume. Assuming that 
Molt rabbits have a blood volume of 70 mi Ag. bodv weight [Courtice. 1913], 
these losses represented 7-33 of the blood volume or 0-5-2-3% of the 
body weight. The one exceptional aniTnal lost 36 of its blood volume. 

The animals were not obviously distressed by the haemorrhage even though 
really one-third of the blood volume was lost in l-o min. There was. however, 
an increase in the rare and depth of breathing. AH unanaesthetized animals 
bled in this manner survived. 


The ears remained warm and the main vessels showed no change of diameter 
To the naked eye during and after bleeding. Small areas of the ear were 
sketched at intervals before and after venesection; there was no apparent 
alteration in the size or number of the visible vessels, nor did the arterial pulse 
volume decrease perceptibly. There was in some animals, nevertheless, evi- 
dence of contraction of the minute vessels, shown by slight pallox of the ear 
t^sues. This continued for some hours after bleeding. 

Cessation of bleeding occurred after the initial fall of blood pressure. The 
pressure was recovering quickly at the time and may even have reached the 
initial level Furthermore, the pressures recorded from the cpr ear were the 
same as those in the other ear. The end-point was not influenced by intravenous 
bepadn, nor by anaesthetizing the tissues round the incision with 2 % procaine 
solutton. These results suggest that the cessation of bleeding is not. dependent 
prunarily upon blood-pressure fall, altered blood coagulabilitT, nor extrinsic 
nervous mechanisms. During and after the bleeding the vein remained dflated, ' 
cxo<pt at the cut and for 2-3 mm. beyond each end of the cut. If saline was 
tn]ccted into the vein towards the cut. through a needle inserted distal to the cur 
a pressure of 10-20 mm. Hg was needed to cause saline to flow through the 
toustflcTcd portion of the vein. IVhen the vein was then occluded proximal to 
tne cm a perfusion pressure of 100 mm, Hg was needed to open the cur. IHien 
c.treding ceased, manipulating and rubbing the cut caused no further loss of 
ij-c-od, but an hour later the same treatment resulted in copious bleedmu 
b seems that in these animals the haemostasis was produced by a powerfW 
‘teamed spasm of the vein wall set up and maintained by local means. The 
passes oa within the hour bat meanwhile the cut edges of the vein have 
-■^tce ituck Together. The walls can be nnsruck again by manipulation. 
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THE EFFECTS OF ACUTE HAEMORRHAGE ON THE 
PERIPHERAL BLOOD PRESSURE IN UNANAESTHETIZED 
AND IN ANAESTHETIZED RABBITS 

By C. B. B. DOWNMAN, COLINA C. MACKENZIE anp B. A. McSWINEY 
From the Sherringi'on School of Physiology, St Thomas's Hospital 

{Received 10 May 1944) 

, The consequences of haemorrhage in animals have been frequently describedi 
but few observations have been made on the effects of a single acute loss. 
It is also of interest to note that investigators have paid little attention to the 
complicating effects of anaesthesia. ^ 

The experiments described below were undertaken to study the effects of a 
single acute haemorrhage on the arterial pressure and heart rate of un- 
anaesthetized and anaesthetized rabbits. 

Methob 

Adult rabbits fed on a mixed diet were used. Body weight varied between 14 and 3-7 kg. In early 
experiments the systolio pressure in the central artery of one ear was estimated by the method of 
Grant & KothsohUd [1934]. Heart rate was coimted by two observers simultaneously, usihg two 
seta of ear-pieces attached to the stethoscope bell. Later, an optical method of recording systolic 
pressure and pulsations of the ear artery was developed [Bowmnan, Mackenzie & McSwmey, 
1944]. The experiments were done in a worm room, and care was taken tq ensure that the ear 
vessels were fully dilated before making observations. As the ears became warmer, the arteries 
dilated, but would contract if the ear was handled; later this irritabillly was lost, and the vessels ^ 
did not respond to handling the ear [Bownman et al. 1944]. Uniform series of pressure readings 
could now be obtained and there was no oontraotion of the arteries when the other ear was cut. 
Repeated observations of systolic pressure and heart rate were made to ascertain that a steady 
state was reached before bleeding. Unanoesthetized animals were restrained in a wooden box, 
with the head protruding through a hole in one side, and were not disturbed during the 
experiment. 

In the normal blood-pressure range the systolic pressure in the dilated ear artery hes only 
2-6 mm. Hg below the mean carotid pressure. At low pressures, ^ch as occur after bleeding, 
differences of 20-30 mm. Hg have been observed. The pressures recorded in these experiments 
must, for the present, be recognized only as samples of peripheral arterial pressures. 

Blood was taken from the large vein at the base of the other ear.* The dorsal surface of the ear 
was shaved and the akin around the site of the proposed incision smeared with vaseline to prevent 
blood spreading. A quick cut with a sharp scalpel along the long axis of the vein divided the skin 
and the wall of the vesseL The blood was collected in small beakers. 

To produce general anaesthesia urethane dissolved in normal saline was injected into the 
' marginal vein of the ear. One group of n-nimala received 1'4-1*6 g. urethane per kg. body weight, 
another group received 1'64-1*9 g. per kg. The effects of the different doses are described later. 
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had ceased, the heart rate increased further and reached a maximum about 
90 min. after bleeding. The rate then declined slowly, reaching the imtial level 
about 3 hr. after bleeding. Frequently there was a temporary decline of heart 
rate at the end of bleeding, the fall coinciding with the return of blood pressure. 
The heart rate soon increased again and the usual prolonged tachycardia was 
noted. An initial slowing of the heart with the onset of bleeding was never 
observed. 

Anaesthetized rabbits 

The first series of animals received l-d-l'S g. urethane per kg. intravenously. 
Corneal and other auperhcial reflexes were brisk, and deep reflexes very easily 
elicited. These animals are described as being under light anaesthesia. With 



Fig. 2. PreBsmre changes following loss of 34 ml. of blood in 6 min., equivalent to 20% of blood 
volume. Urethane, 1-50 g, per kg. body weight injected intravenously 2 hr. before bleeding. 
Animal killed 6 hr. after bleeding, in good general condition, with ear artery systolic pressure 
of 45 mm. Hg. 


a loss of 23-33 % of the blood volume the early changes of systolic pressure and 
heart rate were similar to those previously described. The animals remained in' 
good condition and reflexes remained brisk until the animals were killed 8 hr 
later (Fig. 2). 


The second senes of animals received 1-64-1-9 g. urethane per ke intra 
venou^ly. Superficial reflexes were absent and deep reflexes sluggisL These 
a^ab are descnbed as being under ‘deep > anaesthesia. With lossS 21-33^/ 
of the blood volume, pressure feU sharply to 30-40 mm Ho ^ l' 
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Blood-pressure change. One to three minutes after the onset of bleeding 
systolic pressure in the ear artery fell steeply from the initial level of about 
100 mm. Hg down to 30-40 mm. Hg. Almost at once the pressure started to 
rise quickly even though bleeding continued. The subsequent changes of blood 
pressure were of three types. In the first type, the recovery of pressure con- 
tinued and pre-haemorrhage readings were obtained in 10-20 min. In the 
sepond type, the recovery of pressure approximated to only two-thirds of the 
imtial fall in 40 min. ; subsequently pressure fell again to 40 mm. Hg, and there 
was a slow return to the initial level. In the third type, the recovery amounted' 



Fig. 1. Changes of sysfcolio pressure in ear artery and of heart rate, in unanaesthetized rabbit. 
The fl-nimA.] was bled, 36 ml. in 7 min. from ear vein, equivalent to loss of 20% of blood 
volume. Systolic pressure in ear artery in mm. Hg. Heart rate in beats per minute. 


approximately to only one-third of the initial fall; later the pressure fell again 
and return to the initial level occupied many hours. The majority of the 
unanaesthetized rabbits usually showed the first type of recovery curve. 
A minority showed the second type, and only exceptional animals showed the 
third, Spontameous falls and rises of pressure of the order of 30 mm. Hg were 
common after bleeding but were rare before bleeding when the animals were 
kept under the standard conditions described. 

Heart'rate. With the onset of bleeding the heart accelerated rapidly. The 
increase of rate varied between 20 and 160 beats per min. representing rises of 
8-«0 % over the initial rate of about 200 beats per min. After the haemorrhage 
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creased during bleeding. Tbe last drops of blood clotted quickly m the presence 
of'the usual amount of oxalate, and excess of oxalate did not always prevent 

clotting. 

Disctrssiox 

The above method of bleeding was used because it wasf considered that the 
results would more nearly resemble those seen after free haemorrhage foUotving 
trauma to a large vessel. The blood loss was limited by the animal’s own 
homoiostatic mechanisms. 

Unanaesthetized and ‘lightly’ anaesthetized rabbits suffer haemorrhage up 
to one-third of the blood volume without obvious distress: There was no 



Hg. 4. Diagrammatic summary of the three types of systolic preasnre change occnrrmg in the 

ear artery after haemorrhage. ' 


alteration in diameter of the large vessels of the ears. Xo unanaesthetized 
animals died, and ‘lightly’ anaesthetized animals were in good condition 8 hr. 
after bleeding. On the other hand, with ‘deep’ anaesthesia, death occurred in 
1-3 hr. after the bleeding. These results show that the mjecrion of different 
quantities of a non-volatile anaesthetic, such as urethane, may considerably 
influence the response to bleeding. 


The adjustment of the circulation to haemorrhage, expressed in terms of 
blood pressure, varied in different rabbits. In aU instances there was at first 
little or no change of pressure foUqwing venesection. After a latency of 1-3 
1 ^. tlm systolic pressure in the ear artery fell sharplj to 30-40 mm Hg 
Thereafter pressure rose quickly, even while bleeding was in progress' The 
subsequent recovery cun'es could be differentiated into three types (Fig. 4). 



p* -S- -8- -DOPFiV^ikfJiV AND OTHERS 

4 -T,' ^ control series were anaesthetized with similar amoimta of 

ATno'n^i •_ 1 • . 


fli ' Ttl . . a.Aiaoat»ueuiztJU Amu SlIQliar amOTmtS 01 

ne. ey remained in good condition without marked change of arterial 

pressure or pulse rate until they were killed 8-10 hr. after induction of 
anaesthesia. 



Fig. 3. Pressure changes following loss of 40 roL in 7 min., equivalent to 26 % of blood volume. 

Urethane, 1*88 g. per kg, body weight, injected intravenously 2 hr. before bleeding. Heart 
^topped beating 68 min. after venesection. 

Dilution of the blood 

A few observations were made on the changes of red cell concentration in 
unanaesthetized and anaesthetized rabbits. Haemoglobin was estimated by 
the Gowers-Haldane method. Haematocrit values were determined by spin- 
ning the blood at 2600 r.p.m. for 45 min . During the bleeding, haemoglobin 
percentage, red cell count and packed red cell volume fell rapidly. Samples of 
the issuing blood showed the faU of red ceU concentration, and at the end of 
bleeding the values represented two-thirds of the ultimate change. Following 
bleeding there was a further decrease of red cell concentration, complete in 
about 3 hr. These changes were not confined to the issuing blood but were seen 
in blood samples taken directly from the heart. 

These observations confirm the findings of other workers. They show that 
the blood is ‘diluted’ rapidly during bleeding and more slowly for about 
2—3 hr. after bleeding. It was also confirmed that the coagulation time de- 
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cieased during bleeding. The last drops of blood clotted quickly in the presence 
of'tbe usual amount of oxalate, and excess of oxalate did not always prevent 

clotting. 

Discussion 

The above method of bleeding was used because it was' considered that the 
results would more nearly resemble those seen after free haemorrhage following 
trauma to 'a large vessel. The blood loss was limited by the animal’s own 
homoiostatic mechanisms. 

Dnanaesthetized and ‘Kghtly’ anaesthetized rabbits suffer haemorrhage up 
to one-third of the blood volume without obvious distress: There was no 



Fig. 4. Biagranunatic summary of tlie three types of systolic pressure change occurring in the 

ear eatery after baemorrhage. ' • 


alteration in diameter of the large vessels of the eats. No unanaesthetized 
animals died, and ‘ lightly’ anaesthetized animals were in good condition 8 hr. 
after bleeding. On the other hand, with ‘deep’ anaesth^ia' death occurred in 
1-3 hr. after the bleeding. These resultashow that the iniection of different 
quantities of a non-volatile anaesthetic, such as urethane, may cohsiderably 
influence the response to bleeding. 

The adjustment of the circulation to haemorrhage, expressed in terms of 
blood pressure, varied in different rabbits. In all instances there was at first 
bttle or no change of pressure following venesection. After a latency of 1-3 
min. the systohc pressure in the ear artery feU sharplj to 3(M0 mm. Hg 
Thereafter pressure rose quickly, even while bleeding was in progress The 
subsequent recovery curves could be differentiated into three types (hiJ i) 
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I' level. This was complete within 30 min', 

gh pressure might'be maintained or show a smaU faU after an horn 

or two. 

yp Recovery equivalent to about two-thirds of the initial fall, but a 

f ^ sfter 40 min. to a lower level. The pressure then rose Mowly 

towards the initial level. - - 

f 11 ^ ®^ort-lived rise equivalent to about one-third of, the initial 

30 — 4.0 ^ ^®^overy was not maintained, pressure falhng quickly again to 

mm. Hg. Any later recovery of pressure was very slow, 
e consequence of bleeding could be related to the depth of urethane 
nae^ esia. U^nanaesthetized animals usually gave recovery curves of the 
s ype. Animals under light ’ anaesthesia gave curves of the second type, 
e animals under deep ’ anaesthesia gave curves of the third type. There 
some overlap. Ror example, a minority of unanaesthetized rabbits fitted 
in 0 type 2, while some lightly’ anaesthetized animals fitted into type 1. In 
general one has come to expect the dififerentiation. The heart-rate changes 
same order in all animals, irrespective of the pressure changes, 
e amount of anaesthetic given was the most constant factor in producing 
t e different types of recovery curves. There was no relation between the 
amount or rapidity of blood loss and subsequent pressure changes. Equal 
percentage losses of blood, or approximately equal rates of bleeding, mi^t 
produce pressure responses of very different types depending upon the presence 
or absence of anaesthetic. 

It is clear that peripheral arterial pressures are not a reliable index of the 
futine of the animal. Rabbits with low pressures applied just as lively and 
undistressed as those with fully recovered pressures. Again, it is not possible 
to account for the different types of response of unanaesthetized animals. 

It should be emphasized that, since aU experiments were carried out under the 
same conditions, it seems that the differences in response depend upon the 
physiological characteristics of the animal concerned. Anaesthetics, on the 
other hand, may upset the normal sequences of the adaptation forces and so 
alter the blood-pressure recovery. 

It would be premature to compare these results with clinical findings because 
the experiments have been confined to rabbits and only urethane has been used 
as anaesthetic. Furthermore, the rapid dilution of the blood in the rabbit 
contrasts with the slow dilution in man. 

' SUMMABT 

1. Unanaesthetized rabbits, and rabbits ‘lightly’ anaesthetized with ure- 
thane, may lose up to one-third of the blood volume by rapid &ee bleeding 
from a vein of the ear without distress or deterioration of condition.* 

2. Anim als under ‘deep’ urethane anaesthesia die 1 to 3 hr. after bleeding. 
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3. The recovery curves of systolic pressure in. the ear artery could be dif- 
ferentiated into three types. The dose of anaesthetic could be related to the 
type of recovery curve found. 

4. Increase of heart rate persisted up to 3 hr. after bleeding and long out- 
lasted the pressvue changes. 

One of ns (Colina Mackenzie) is indetted to the Medical Research Council for a personal grant. 
Part of the eipenses of the investigation have been defrayed by a grant &om the Government 
Grant Committee of the Royal Society. 
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GLYCOGEN IN ADIPOSE TISSUE 

Bt E. TVERTHEBIER, From the Laboratory of Pathological 
Physiology of the Hebrew Vniversity, Jerusalem 

{Received 22 January 1944) 

BTien rats are fed on a carbohydrate-rich diet after prolonged starvation, 
appearance of glycogen -within adipose tiss-ue is an early indication that 
deposition of fat is impending. Other findings also suggest that glycogen is 
cQiiverted in the adipose tissue into fat (Tuerkischer & iVertheimer, 1942, 
iliiski, 1942). On this view it is expected that glycogen will precede fat 
deposition in adipose tissue whenever newly synthesized fat, derived ftoin 
carbohydrate, is stored. The present paper describes the continuation of 
experiments on the relation between glycogen and fat within adipose tissue. 

I. Insulin treatment. Clinicians have long assumed that insulin favours 
deposition of fat. The effect is generally believed to be an indirect one due to 
a stimulation of the appetite. Drury (1940) and ilacKay, Callaway & Barnes 
(1940) showed that insulin increased appetite, body weight, and fat storage 
in rats and rabbits. Is such fat deposition under insulin treatment preceded 
by deposition of glycogen -svithin the adipose tissue? Is the insulin effect 
direct, or only secondary to increase in appetite for carbohydrate? As early 
as in 1927 Hoffmann A "iVertheimer demonstrated that insulin sometimes 
induces glycogen deposition in the adipose tissue of dogs. Tn>nlin was found 
to be without effect on glycogen deposition in the adipose tissue of rats fed 
a carbohydrate-rich diet after being starved (TuerMscher d: ITertheimer, 1942). 

II. Alternate starving and feeding. MacKay &. Drury (1941) have shown 
that, when rats are fed on a diet consisting almost entirely of carbohydrates 
and starved on alternate days, so that their average body weight and food 
intake become constant, the food carbohydrate comes to be stored largely in 
the form of fat. Is fat deposition in this case also associated with the app^rance 
of glycogen in adipose tissue ? 

III. Carbohydrate excess. Is glycogen deposited in the adipose tissue 
after excessive intake of carbohydrates? 


Methods 

The of Uboratory stock. As a role, yomts tnale animal, weighing SO-110 -- 

were sel«t^ They were maintained on a standard diet consisting of wheat Z^etahles Tr 
on a carbohydrate-nch synthetjc diet (70% carbohydrate, 20% casein, 10% fat wim the nsual 
FH. cm. 

24 
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gupplements of minerala and vita min^ )- In order to make sure that the rats were show 
regular increase in weight, they were weighed daily for about a week before their use 
experiment. The room temperature was not allowed to fall below 20-21° C. and large fluctiu 
were carefully avoided. Glycogen deposition in adipose tissue following insulin administi 
was easier to demonstrate in summer than in winter. In winter experiments a higher insuli D 
was found to be necessary, Protamine-Zinc-Insulin (PZIns.) was more effective than ord 
insulin. 

The following conditions proved suitable: the rats were given a first dose of PZIns. i 
morning. After 3—4 hr. a second injection was given. Six to eight hours after the first ii 
injection the rats were killed. 

The adipose tissue was treated in the manner described by Tuerkischer & Wertheimer (1 
Groin, testicle and perinephric fat were pooled and weighed and are referred to as ‘mixed 
Pat from mesentery and brown interscapular fat were weighed and treated separately {. 
& Barron, 1941), Por glycogen deterinination, samples were taken as follows: ‘mixed* fet 0 
mesentery fat 0*2 g., interscapular fat 0* 1-0*2 g. Chemical procedures employed have been ah 
described (Tuerkischer & Wertheimer, 1942). Glycogen values are given as g. glucose per 1 
fi^h tissue. 

The experiments in series 1, 2 and 3 were carried out in summer, those in series 4 to 7 m w 
and spring at a room temperature of 22 to 23° C. 

1 . In this aeries of 1 1 experiments the rats were given 25 % glucose solution to drink durin 
24 hr. period before ins nlin injection. During the time of iusnlin action normal diet and tap ‘s 
were allowed. The dose of inHnljn was 2 x 0*3 units PZIns. Included in this series were 4 experin 
comparing the reaction of young and old rats^ The old rats had an average weight of 180 g. 

2. In 10 experiments the rats received 3*5 o.o. 25 % glucose by stomach tube just before the 

inffulin injection. Otherwise the experimental conditions were as in series 1. • 

3. In 19 experiments the rats were given 25 % glucose solution to drink during the eiperimi 
period- The other experimental conditions were unchanged. 

4. In 11 experiments the conditions were as in aeries 3 but the dose of instilin was 2 x 3 i 
PZIns. 

5. In 19 experiments the rats received only tap water to drink and the dose of PZIns. 
2x1 units. 

6. In 13 experiments the conditions were as in series 6 but the rats were on three djfit 

diets: (a) 70% casein, 20% carbohydrate, 10% fat with the usual supplements; (i) 60 /o 
26 % carbohydrate, 25 % casein ; (e) 70 % casein, 30 % fat. r o n 

7. In 6 experiments the conditions were as in series 6 (a) but the insulin dose of x ) 
PZIns, was given after a 20 hr. fast. The rats were killed 6 hr. later. 

Results 

I. Influence of insulin on glycogen deposition in adipose tissue 

Table 1 gives a typical result for series 1 to 6 (o) inclusive. In 6 (b), 6 (c) £ 
in 7 glycogen was found only in the interscapnlar fat. When insulin 
tration (2-6 units PZIns. dady in winter experiments) was prolonged 
from 2 to 9 days, and normal diet was allowed, the occurrence o g ycoger 
adipose tissue became a constant feature. This was observed in 36 expei^ 
In similar experiments with rats maintained on the 70% casern S 
deposition in the adipose tissue of the same order was observe o y on 
first and second days of the experiment. 
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Table 1. Glycogen deposition in adipose tissue after administration of 

protamine-ziiic-iiisulin 


Insulin 

Control 


Intake of Glycogen, g./lOO g., in ^ 

(c.c.) Interscap. fat Mesent. fat Miied fat 

23 0-30 0-21 

27 003 Traces Traces 


Blood sugar 
mg./lOO c.c. 

71 

112 


early as about | bi'. after administration of 1-3 units PZIns. The curve of the 
glycogen deposition rises tvith the fall of the blood sugar, reaches its peak at 
about 10-14 hr., and falls to zero again after 16-20 hr. with the return of the 
blood sugar to normal Glycogen deposition in the ‘miyed’ and in the 
mesentery fat begins only at 4 hr. after insulin administration, and follows in 
its rise and fall the curve of the glycogen deposition in the interscapular fat. 
The glycogen values in the ‘mixed’ and the mesentery fat were much smaller 
than in the interscapular fat. With normal iusulin the glycogen curves returned 
to zero sooner than with PZIns. 

All time-curves on glycogen deposition were carried out in summer ex- 
periments. 

Control tests were carried out at different times on 45 untreated rats. The 
values obtained in the controls for ‘mixed’ fat and for mesentery fat were 
uniformly nil; for interscapular fat a single value of 0-05% and one of 0-2% 
were recorded. The findings, with data published in our earlier paper (Tuer- 
kischer & Wertheimer, 1942), support the conclusion that, in normal conditions, 
glycogen very rarely occurs in adipose tissue. ’ 

Do carbohydrates other than glycogen ajrpear in adipose tissue following insulin 
injection? Both glycogen and total carbohydrate were determined in adipose 
tissues following insuliu iniection. The method of West, Scharles & Peterson 
(1929) was employed. Analyses were carried out on ‘mixed’ fat both before 
and after glycogen begins to appear as the resrdt of iusnlin injection. In all 
cases the carbohydrate was present as glycogen only. 

Glycogen in adipose tissues of herbivores after insulin treatment. In rabbits 
and guinea-pigs maintained on an ordinary diet (bran, oats, vegetables), 
insulin treatments (3-12 units PZIns. per kg.) failed to induce glycogen 
deposition in the adipose tissues. MacKay et al. (1940) have emphasized that 
the rabbit is not a very good animal for the type of experiment to gain much 
weight vdth insulin administration. The reason for this is the low energy value 
of its food when calories per unit volume are considered’. According to Long 

& Bischoff (1930) insulin treatment does not induce increase of bodv weisht 
in rabbits. ' ® 

If, however, rabbits are given a diet rich in concentrated carbohydrates a 
veiy small deposition of glycogen can be observed in the adipose tissue 
ibtohWed'^ ^<i°^tratiou the amount of glycogen in the adipose tissue 


24—2 
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The following procedure was found most suitable: small t hin rabbits weighing about 1 tg, were 
given 30—40 c.e. 26 % glucose solution by stomach tube and 10 units PZIns. per kg. body weight 
in the morning; 3 hr. later the insulin injection was repeated. After 6-7 hr. the animals were killed. 

In fat animals the glycogen values were lower. In two cases no definite 
difference between the experimental animal and the control could be esta- 
blished, The results of the analyses are summarized in Table 2. 


Insulin 

Controls 


Table 2. ilean vcduea for adipose tissue glycogen in rabbits treated with 
protamine-zinc-insulin 


Glycogen, g./lOO g., in Blood 

No. of f A — j sugar 


expts. 

Interscap. fat 

Mesent. fat 

Mixed fat 

Liver 

mg./lOO C.C. 

14 

0-12±0-010 

009 ±0-017 

0-10±0-007 

7-0 

97 

15 

0-00 ±0-007 

0-06±0-009 

0-05±0-006 

7-3 

128 


II. The effect of alternate starving and feeding 
Rats were subjected to the MacKay & Drury regimen of alternate starving 
and feeding. Animals which failed to maintain their weight were eliminated 
from the tested group. Experiments were performed in winter. Table 3 gives 
the results. 


Tabij! 3. Glycogen in adipose tissues of rats maintained on a MoKay-Drnry 
regimen and killed 6 hr. after recovery feeding 
Mean values for 3 animals in each case 


No. of 
fast days 


Glycogen, g./lOO g,, in 


Interscap. fat 

Mesentery fat 

3Iixed fat 

1 

0-52±0-16 

0-10±0-02 

0-08 ±0-03 

2 

2-20 ±0-69 

0-21 ±0-09 

0-26±0-07 

3 

2-64±0-36 

0-36 ±0-07 

0-23±0-10 

4 

2-48±O-60 

0-52 ±0-09 

0-33±0-11 

6 

2-70 ±0-35 

0-66±0-18 

O-60±O-12 

6/7 

l-12±0-24 

0-62±0-17 

0-17±0-06 


In order to time the glycogen deposition, groups of rats which had completed 
their fourth fast day on the MacKay & Drury regimen were killed at different 
times after feeding. The results of an experiment carried out in winter are 
presented in Table 4. 


Table 4. Glycogen in adipose tissues of rats killed at different times after 
recovery feeding in the Macifay-Druiy test 
Mean values for 3 animals in each case 


Time after 
recovery 
feeding 
30 min. 

1 hr. 

2 hr. 

4 hr. 

6 hr. 

1 day 

2 days 

3 days 

4 days 


Glycogen, g./lOO g., in 


Interscap. fat 

Mesentery fat 

Atiicd fat 

0-14±0-04 

0 

0 

0-70±0-16 

0 

0 

0- 96±0-08 

1- 0O±O-12 

2- 16±0-38 
O-01±O-11 
0-40±0-06 
0-60±0-28 

0 

0 

0-23 ±0-08 
0-62±0-16 
0-26±0-08 
O-21±O-O0 
0-08±0-03 

0 

Q 

0-08 ±0-01 
0-22±0-10 
0-37±0-17 
0-23 ±0-06 
0-08±0-02 

0 
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In summer, 'higher values ^ere obtained. In five summer experiments, 
after 4 days fast and in the sixth hour after feeding, glycogen values (g./lOO g.) 
were found as foUows; ‘mixed’ fat 0-58, m^entery fat 0-82, interscapular 

fat 4-3. 

If animals in the ilacKay-Drury test after 4 days fast are fed and then 
again starved, a rapid disappearance of glycogen from the adipose tissues 
occurs. Following 6 hr. of fast after 6 hr. of feeding, glycogen values (g./lOO g.) 
were obtained as follows; ‘mixed’ fat 0*15, mesentery fat 0-06, interscapular 
fat 0. If the fast was prolonged to 12 hr. all the values were zero. There were 
three rats in each experiment. Elxperiments showing the effect of different 
duration of fast and of feeding on glycogen in adipose tissue are assembled 
in Table 5. 


Table 5. Glycogen deposition in adipose tissue after different fast and feeding periods 
Mean values for 3 nnimaU in each case 


Fast 

period 

hr. 

Hours after 
end of 


Glycogen, g./lOO g., in 

A 


starvation 

f 

Interscap. fat 

diesentery fat 

Mired fat 

24 

6 

0*o3i0‘10 

0-10i004 

O-OS-LO-03 


24 

0-39 J- 04)8 

OOSiOdH 

0-16±003 


32 

0 09 ±005 

008 ±003 

0 

10 

6 

OvlOiO-04 

0-22±005 

00S±0-03 


24 

0 

0 

0 

6 

6 and 24 

0 - 

0 

0 


In all the experiments the fast periods were arranged so that they occurred 
at night. The findings in experiments according to MacKay & Drury (1941), 
as well as those with prolonged hunger (Tuerkischer & Wertheimer, 1942), 
support the conclusion that the quantity and duration of .the glycogen 
deposition in the adipose tissues following feeding vary positively with the 
length of the preceding hunger period, i.e. with the amoimt of the fat loss 
and the corresponding increase in fat-storage capacity. 

In the MacKay-Drury test, as well as in the earlier experiments of Tuerkischer 
& Wertheimer (1942), fat of adrenalectomized rats in good condition was 
found to be practically free from glycogen. Adipose tissue glycogen deposition 
in rats kept on a B^-free diet is diminished. 

m. Carbohydrate excess 

A brief period of glycogen deposition in the adipose tissue can be dis- 
tinguished in rats maintained on a diet excessive in carbohydrates and which 
are not starved at all. Carbohydrate saturation is most easily effected bv 
f pidmary diet, 25% glucose solution, rather than water to 
d^k. The clearest results were obtained in experiments of 6-8 hr. duration. 

The majority of the experiments were performed in winter. The results are 
shoivn m Table 6. Lei.iurs are 
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Table 0, Mean values for glycogen in adipose tissue after excess |ntake of carbohydrate • 


Intake of 
No. of sugar sol. 

expts. c.o. 

15 16 


Glycogen, g./lOO g., in 

f ■ A 

Interseap. fat Mesentery fat 
0-24±006 0-16±003 


Mixed fet 
0-17±004 


Blood sugar 
mg./lOO c.c. 
119 


After excess intake of carbohydrate had been continued for 12-24 hr. 
glycogen was rarely detected in adipose tissue. In summer the amount of 
glycogen deposition in the adipose tissues following excess intake of carbo- 
hydrates was smaller. 

Discussion 

Tuerkischer & Wertheimer (1942) suggested that glycogen always accumulates 
in adipose tissue whenever synthesis of fat from carbohydrate occurs. The 
simplest example of this is foimd in chronic underfeeding followed by recovery- 
feeding with carbohydrate. Further examples have been described in the 
present communication. MacKay & Drury (1941) found that animals, which 
are alternately starved and fed, store carbohydrate temporarily as fat. This 
storage too is associated with deposition of glycogen in adipose tissues. 
A fleeting deposition of glycogen in adipose tissue can be induced even without 
preceding fasting if a large excess of carbohydrates is fed. 

MacKay, Barnes & Came (1941) showed that rats fed on a carbohydrate- 
rich concentrated diet, and treated with Protamine-Zinc-Insulin, react with 
marked increase in appetite, in body weight and in fat deposition. In this 
condition of fat synthesis from carbohydrate, glycogen also appears within 
the adipose tissues. The findings seem to be best explained by the assumption 
tha't glycogen is an intermediary in fat synthesis from carbohydrate m 
adipose tissues. 

A further question to be considered is whether the effect of insulin on the 
fatty tissue is direct or indirect. The marked increase in appetite which insulin 
produces might suggest that insulin acts merely by increasing carbohydrate 
intake. This conclusion is at variance, however, with the following. 1- 
effect of insulin is frequently demonstrable in the interscapular fat within 
about 46 min , of insulin injection, i.e. before any effect on appetite has become 
apparent and certainly before any such effect could become of importance. 
2. MacKay et al. (1941) have showm that insulin fails to induce increase 
appetite and food intake in rats maintained on a protein-rich diet; nevertheless, 
glycogen is deposited in the adipose tissues in these conditions. It occum, 
moreover, in the interscapular fat also in rats starved for 24 hr. after protem 
rich feeding. 3. In adrenalectomized animals, insulin fails to increase t 
carbohydrate appetite. Nevertheless, glycogen deposition in ^ the a pos 
tissue of adrenalectomized rats, following insulin injection, is especia y mar e 
It is proposed to discuss this result further in a succeeding commumcation. 
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It may be concluded therefore that the influence of insulin is primary and 
direct on glycogen synthesis by the adipose tissue. The reactivity in this 
respect is a ne^ proof of the active role of the adipose tissue in the carbo- 
hydrate-fat exchange. On quite different grounds Longenecker (1941) writes; 
‘The recognition that the fat depots are centres of continuous metabolic 
activity represents a fundamental change in the conception of a tissue which 
previously had been considered inert. 

A third question to be considered is whether the present findings have any 
special hearing on the role of msufln in carbohydrate balance. Glycogen 
disappears from the adipose tissue simultaneously with the disappearance of 
the insulin effect on the blood sugar level and reappears only following a 
renewed insulin stimulus. It has also been shown that prolonged insulin action 
induces an increase in the fat deposits. Ib^eriments in vitro by ilirsld (1942) 
give strong support to the view that glycogen within the adipose tissue is 
converted into oxygen-poor substances, probably fatty acids. "We assume that 
the amount of glycogen found in the adipose tissue is merely the resultant of 
simultaneously proceeding processes of both synthesis and breakdown. The 
conversion of carbohydrate into fat, a uniform accompaniment of a carbo- 
hydrate-rich diet, has not yet been given suf&cient consideration. Pauls 
& Drury (1942) concluded as follows; ‘Most ingested carbohydrate is normally 
stored as fat, and it is considered the most likely possibility that this is a fate 
of the bulk of the sugar stored under the influence of insulin.’ 

Schur, Loew & Krcma (1934), even before this, pointed out the role of 
insulin as a hormone regulator of nutrient storage. The few experiments 
carried out, however, did not prove this conclusion. 


SUWWAKY 


1 . In suitable conditions, insulin induces synthesis of glycogen in the adipose 
tissues of the rat. The synthesis is particularly rapid and marked in the brown 
interscapular fat. Glycogen disappears from fatty tissues simultaneously with 
the disappearance of the insulin effect on the blood sugar level. Synthesis 
of glycogen in adipose tissues can also be demonstrated in the rabbit but is 
less marked. 

2. It is shown that insulin directly affects synthesis of glycogen in adipose 
tissue and does not act through an effect on carbohydrate food intake 

3. It is considered that synthesis of glycogen in adipose tissues, under the 
mfluence of insulin, is a primary step in the transformation of carbohvdrate 

iTitn ^ 


4 In animals which are alternately starved and fed (MacKay & Drmw 

mi), deposiUon of fat has been found to be preceded by deposition o 
glycogen m the adipose tissues. 
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6. In animals first starved and then fed, the amount and the duration of 
glycogen deposition in the fat tissues depend on the length of the fast period. 

6. In rats, which have not been starved, administration of an excess of 
carbohydrate frequently induces brief deposition of glycogen in fatty tissues. 

The author is indebted to Mrs Brauer for her assistance in the performance of this investigation. 
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SYNTHESIS OF ACETYLCHOLINE BY TISSUE OF 
THE CENTRAL NERVOUS SYSTEM 

By W. FELDBERG, Ftoih the Physiological Laboratory, Cambridge 
{Received 15 February 1944) 

This paper deals with the problem of synthesis of acetylcholine by brpin tissue. 
The tissue has been e xamin ed after grinding in the fresh condition and after 
drying; in both cases it has been suspended in saline solution with or without 
the addition of ether and with the addition of eserine. Under these conditions 
the effects on acetylcholine synthesis of temperature, glucose, iodoacetic acid, 
oxygen, cyanide, potassium and calcium ions have been observed. 

Synthesis of acetylcholine by brain tissue has been described by Quastel, 
Tennenbaum & Wheatley [1936] and by Mann, Tennenbaum & Quastel [1938, 
1939]. They used brain slices or a suspension of minced brain incubated in 
saline solution with eserine. They were led to the conclusion that a relationship 
existed between tissue respiration and the synthesis of acetylcholine, suggesting 
that the latter might be, dependent on the metabolism of the living cells. On 
the other hand, Stedman & Stedman [1937, 1939] observed synthesis of acetyl- 
choline in a suspension of minced brain, incubated in a saline medium con- 
taining, excess of chloroform as well as eserine, and later in one containing 
eserine and ether; under these conditions the metabolism of the living cells 
could not be concerned. To throw further light on this question of the synthesis 
of acetylcholine by brain substance which could no longer be regarded as 
hving, respiring tissue, brain substance which has been dried and powdered 
has been examined. 

Many of the experiments have been directed towards the examination of the 
storage by fresh brain tissue, or dried powder, of synthesized acetylcholine in 
varying amounts and, particularly, to discover whether the store can increase 
beyond the acetylcholine complement of fresh brain tissue. The acetylcholine 
IS held in the tissue bound to some constituent, and is, in this condition, 
relatively immune to the action of the cholinesterase. Mann et al. showed that 
the acetylcholine, as produced by synthesis, first appears bound to the tissue, 
and is then released into the solution from tissue slices or, when a suspension 
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of minced brain is used, from ceU debris or even whole cells. No synthesis was 
Observed by them m the supernatant fluid after the particulate matter had 
been removed by the centrifuge. Eecently it has been found [Eeldberg, 1943 ] 
acetylcholine in the tissue of a peripheral nerve or a sympa- 
e 1C gang 'on suspended in saline, occurs only at a rate sufficient to replace 
a ^ eased from the tissue into the solution. This tissue is unable to store 
acetylcholine in excess of its physiological complement. 


Methods 

' rabbita and guinea-piga were used. The cats and dogs were anaesthetized with ether- 

ro orm and killed by bleeding from the carotid artery. The rabbits and guinea-pigs were killed 
by a blow on the neck. & e b 

Certain abbreviated desoriptiona are needed in this paper and are to be read with the foUowiDg 
eani^. Brain. The material was, in all cases, brain tissue anterior to a section across the brain 
8 m tween the anterior and posterior corpora quadr^gemina. It includes therefore the cerebral 
emi^ eres, ba^ ganglia and the port of the stem anterior to the section. Half ‘brain: Half of 
e a ove, obtained by median longitudinal section giving two completely sjunmetrical portions. 
\nt. 9 g. NaCl, 0'42 g. K.C1 and 0*24 g. CaCIj, made up with distilled water to 1000 c.o.; to this 
sotozon 300 0 . 0 . if/16 sodium phosphate buffer were added fpH about 7-3). When larger amounts 
o Cl or CaClj or of gluoose were used, the NaCl of the saline was reduced to keep it isotonic. 
Eaeriru^aalin^: The above saline with the addition of 0-00&-0-02 % eserine sulphate. 

Acttylcholine ccnteni of fresh brain, ATost determinations were made with guinea-pigs* brains, 
which weighed between 2*2 and 3*3 g. The brains were ground with silica in a mortar Avith 2 c.c. 
^/3 HCl per brain and a few o.o. of eserine-saline. The suspensioiis were transferred to flasks, 

er dilated with saline, boiled and then cooled. In this condition they could be kept in the 
cold for a day or two without perceptible change in the acetylcholine content. Usually, however, 
the assay was carried out on the same day. The eitraots were filtered, the residue washed with a 
few c.o.^ of saline and the filtrate neutralized with W/3 NaOH. Distilled water was added in a 
proportion of 1 to 3 to render the solution isotonic with firog saline. Finally, the diluted filtrate was 
made up with frog saline to such volume that I c.o, was equivalent to 60 or 100 mg, of fresh tissue, 
and from this the required dilutions were made for assay on the fiog*s rectus preparation. Details 
are given in the text. 

inevhaiion of fresh brain iisstie of ths guin^a~pxg. For incubation in eserine-saline a half-brain 
was ground in this solution with silica in a mortar, and transferred to a flask which was shaken 
in a water-bath at the required temperature. The volumes of solution used are given in the text. 
Uuring the period of incubation, oxygen was babbled through the suspension. After the incuba- 
tion, NfZ HCl (about 1 o.o. for each half-brain) was added to the samples which were then boiled 
and treated as above. To determine the acetylcholine in solution, separately from that held by the 
tissue particles, the incubation was carried out in wide centrifuge tubes. After incubation, the 
particulate matter was spun do^v^, the supernatant fluid removed, and HCl added both to it and 
to the residue, which was resuspended in eserine-saline. Residue and’supernatant fluid were then 
treated and assayed separately. 

After incubation in eserine-saline with ether, the samples were acidified with iV/3 HCl, and the 
ether evaporated on a water-bath before treatment as above. Details are given in the text. When 
samples containing ether were incubated at 36° C., the ether lost by evaporation was replaced 
every 10 min. 

Drying nervous tissue. The brain immediately after removal from the animal was weighed and 
cut into thin slices which were spread on a Petri and dried over PtOj in vacuo at about 2° C. 
The material was removed every few days and cut into smaller pieces to accelerate drying imtil, 
finally, after 4-6 days, it could be powdered and then kept in the vacuum desiccator at 2° C. till 
required. 1 g. of fireah tissue yielded roughly 220 mg. of this powder. 
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Eesults 

Amou of acdyUJtoline. The fact that acetylcholine has been identified chemicaily m extracts of 
Main tissue [Stedman & Stedman, made nnnecessaiy a detailed pharmacological comparison 

)f the actions of the extracts srith those of acetylcholine. In addition to their action on the rectus 
nnscle of the &og, they produced in the cat the expected fell of arterial pressure, which was 
abolished by atropine. The active constituent of the extracts also resembled acetylcholine m 
sensitivity to albali and to cholinesterase. 

The acetylcholine content of a brain extract as determined by physiological assay against pure 
acetylcholine appears somewhat greater, however, than the true value. Brain extracts, in fact, 
contain a principle which renders the &og muscle sensitive to acetylcholine. This can be shown as 
follows. Brain extract was boiled in alkaline solution to destroy any acetylcholine present; the 
extract wa« cooled, neutralized and diluted; a known dose of acetylcholine was then added. The 
effect of such a solution on the rectus muscle was stronger than that of the same dose of acetyl- 
choline given without extract. The extract had no action on the muscle by itself. TJpder such 
conditions, inactivated extracts of the guinea-pig’s brain equivalent to 10 mg. of fiesh tissue, 
increased the response to acetylcholine by 10-20%; with stronger extracts the difference was even 
greater. In aU experiments, therefore, the extracts were assayed against acetylcholine solutions 
to which bnO been added equivalent amounts of such inactivated brain extracts. This procedure 
proved satisfactory under all conditions but one; extracts of dried brain, incubated in eserine- 
saline and treated in this way, developed on standing a sensitizing property which rendered the 
assay by means of the &og muscle untrustworthy, 'The responses to a given amount of acetyl- 
choline in such an extract became stronger with repeated administration and, after a few tests, 
the mnsole remained partially contracted, even when the fluid was replaced by ftesh saline. This 
was avoided when the control brain extract was inactivated, not by boiling, but by keeping with 
alkali at room temperature for a few minutes and then neutralizing. Even so, trustworthy results 
were obtained only when this treatment was carried out immediately before each test. 


Acetylcholine content of the fresh brain of the guinea-pig. The right and left 
halves of the same hrain, tvhen extracted and assayed separately, gave 
practically the same amonnts of acetylcholine. The difference xtas not more 
than 5%. There tvere variations, however, between different brains. In the 
course of the experiments, forty-five values were obtained from separate 
guinea-pigs, and they varied between 2-7 and 4-5pg./g, In Tig. 1 the acetyl- 
choline content of fresh brain tissue is plotted against the body weight of the 
animals. Despite the overlapping of the values, there is a general increase with 
body weight or age. The average value for the eighteen animals weighing less 
than 400 g. was 3-2/zg./g,, that for the twenty-seven weighing more than 400 g. 
was 3-7pg./g. IThere no direct control was used, these basal values were 
assumed for subtraction, according to the weight of the animal used. In many 
later experiments, as in those shown in Table 1, the right half of the brain from 
one guinea-pig, and the left from another were used together for the control 
extract and the other halves for the experiment. 

That no loss of acetylcholine, due to cholinesterase activity, occurs in the 
bram between death and extraction, was shown as foUows. After a blow on the 
neck, the thorax was opened, a cannula was tied through the still beatinw heart 
into the aorta, and the head was perfused with Locke’s solution containing 
0-001 /o esenne. After about 15 min. the skmll was opened, without inter 
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Table 1. Synthesis of acetylcholine with ground brain of the guinea-pig, 
incubated for 90 min. at 36° C. in eserine-saline 


c.o. saline/g. 
tissue 


Acetylcholine in pg./g. 


Control 


Incubated 


% increase 


Fig. 1. Acetylchohne content of the fresh brain of the gumea-pig- Ordinates: acetylcholine m 

ug./g. Abscissae: body ireigbt in g. 
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mpting the perfusion, and the brain rras removed. The acetylcholine values of 
three such experiments, using for each two animals weighing over 100 g., were 
3-87, 3-15, and 3-10pg./g. brain. These valhes are not higher than those ob- 
tained wLn the brains are extracted without such protective perfusion 
(compare the control values in Table 1). 

"When similar perfusion experiments were performed without eserine in the 
perfusion fluid, the acetylcholine content was definitely lower. In three such 
experiments, for which again six large animals were used, the values were 3-12, 
2-11 and 2-25pg./g. (average 2-59pg./g.). Thus, the acetylcholine is not wholly 
protected against the tissue cholinesterase when the brain is perfused with 
sabne solution. 


I. FoKilATIOX OF ACETTXCHOLrXE BY FEESH BPOXX OF THE GUIXEA-PIG 

"When a half-brain was incubated in about 5 c.c./g. eserine-saline for 90 min. 
at 36° C. it showed an increase of acetylcholine over the control half (Table 1), 
amounting to between 177 and 275% (average 216%). The amounts synthe- 
sized lay between 6-65 and 8-99/ig./g. (average 7-63pg./g.). In these and 
subsequent experiments, the samples, during incubation, were continuously 
agitated in a mechanical shaker. In earlier experiments, the flasks had been 
shaken by hand only for a few moments every 5 min. or so, and the amounts 
of acetylcholine formed were smaller. The results of the first four experiments 
of Table 2 were obtained in this way. 


Tabii; 2. Distributioa of acetylcholine in sanoples of incabated 
ground half-brains of the guinea-pig 


Xo. of Exp. 
1 
2 

3 

4 ' 

5 

6 
7 
S 


Acetylcholine in pg./g. 


Incubated half 


Control half 

Residue 

Supernatant 

% increase of 

(a) 

(6) 

(c) 

(6) over (a) 

3-50 

3*57 

2-98 

2 

3-48 

3-74 

2-25 

8 

3-95 

4-33 

3-60 

10 

3-48 

4-50 

3-50 

29 

.3-60 

3-67 

7-33 

-1 

3*75 

4-76 

4-654-1-05 

" 27 

400 

4-25 

6-25 4-0-70 

6 

3-75 

3-57 

6-83 

- 5 


Distribution of bcelylcholine. Samples were centrifuged after incubation and 
the residue and supernatant fluid were extracted and assayed separately It was 
found that the mcrease of about 213% in the experiments of Table 1 was' 
c efly due to acetylcholine m the supernatant fluid, but that the residue as 
th^ separated, gelded also about 50% more acetylcholine than the control 

tS 6^?’ ^ ‘°tal increase was found in this residue 

TW findmg however, IS not incompatible with the supposition that the in- 
rease may be whoUy due to acetylcholine passing into the fluid phase of the 
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suspension, synthesis in the tissue particles keeping pace only with the loss by 
liberation and’ diffusion, so as to maintain the tissue content at its oiigmal 
level. After mere separation by the centrifuge, the deposit stiU contains fluid 
in its interstices to the extent of about- 1 c.c. for each gram of original tissue; 
and the acetylcholine- content of this interstitial fluid may well be somewhat 
higher than that of the free supernatant fluid, at any moment. This supposition 
is, indeed, supported by several observations. If passage into the -fluid is not 
encouraged by constant shaking during the incubation, the small increase of 
acetylcholine in the supernatant fluid which thep occurs is associated with 
only a small increase in the deposit (Table 2, Exps. 1-4). Even with constant 
shaking and a consequent large total increase of acetylcholine in the system, 
the increase in the deposit may be largely or whoUy ehminated in one of two 
ways: (1) The material may be suspended for incubation in a large volume of 
eserine-saline (Table 2, Exp. 6), so that a large increase in the total acetyl- 
choline of the system causes a relatively small increase of the concentration m 
the fluid, interstitial as well as supernatant; for this purpose glucose (I'b 
mg./c.c.) must be added (see p. 376) to prevent its dilution helow the level 
needed for synthesis. (2) The deposit from the flrst centrifugation may be 
washed by resuspension in cold eserine-saHne and spun again, the second 
supernatant fluid being added to the flrst (Exp. 8) or assayed separately 
(Exps. 6 and 7). Under any of these conditions, it is found that the acetyl- 
choline present in the final layer of tissue particles difi’ers httle from that found 
in the control tissue; the synthesis would, therefore, appear to proceed at sue 
a rate as to maintain the store in the tissue practically constant, irrespective 
of the total amount which has been synthesized and hberated into the flm 
under the protection of eserine. The result is similar to that already descri e 
for sympathetic ganglia and cholinergic nerves, when similarly taeate 
[Eeldberg, 1943]. In the case of the brain, however, it is not clear, as it is m 
the nerve or ganghon, whether the artifidial conditions simply cause hberation 
from the tissue store, synthesis being evoked by the threat of depletion, or 
whether, on the other hand, synthesis is, in this case, always m action and 
liberation is due to overflow from the depot as soon as this ® ^ 
normal level. Analogy would obviously favour the former supposition. 

When one half-brain is incubated for 90 min. in saline, without ^erme, it 
yields on extraction a little less acetylcholine than the control h . 
experiment, the incubated half yielded conteo 

Since all acetylcholine once released is destroyed by the cho esterase, 
3-64ixg./g. represents the acetylchohne of the particulate matter w 
protected against the cholinesterase. The experiment again sug^es a 
Ley of the brain tissue to retain or to replace its normal complement of 

acetylcholine. 
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Effect of grinding brain or finely dividing it with scissors 

Wten brain is ground or minced in saline, without eserine. the sample yiel^, 
en without incubation, only a little less acetylcholine than a control half- 
ain ground immediately in HCl (Table 3, Exp. 1). Since any acetylcholme 
leased is at once destroyed, the 3-54pg./g. obtained in this experiment m^ 
a attributed entirely to acetylcholine held in the tissue particles, or immedi- 
cely synthesized to compei^ate for release. 

Table 3. Effect on acetylcholine yield of grinding or mincing brain tissue of guinea-pig 


Acetylcholme yield in pg./g. 




(b) Gromd in 

A. 

\ 

saline 

1 


ICo. of 

(a) 

t 

Particulate 

■ « 

o/ 

/o 

Treatment of (6) 

erp. 

Control 

matter Floid 

Total 

difference 

1 

4-17 



3-54 

-20 

Ground IJ min., no eserine 

2 

3-79 



4-05 

-r 7 

Ground 3 min. 

3 

3 60 



4-49 

-r28 

Ground 3 min. 

4 

3-54 



4-42 

^25 

Finely divided for 8 min. 

Q 

3-72 



4-83 

-131 

Finely divided for 8 min. 

6 

300 

2-91 0-90 

3-81 

■r27 

Ground IJ min. Centrifuged 

7 

3-16 

3-33 0-72 

4-05 

-28 

Ground 1 j min. Centrifuged 

8 

3-33 

3-52 0-90 

4-42 

-i-33 

Finely divided for 10 min. 
Centrifuged 

When brain is ground in eserine-saline and then extracted at once, without 


incubation, there usually resnlts an increase of 25-33% in the acetylcholine 
yield (Table 3, Exps. 2-8). The increase is accounted for by the release of 
acetylcholine into the saline and by its concurrent replacement in the tissue 
particles in which there is no appreciable change. These were extracted sepa- 
rately in the last three experiments of Table 3. On incubation, further release 
and replacement of acetylcholine takes place, accounting for the greater yield 
under such conditions. 

Temperature 

The observations of Mann et al, [1939] have been confirmed that the produc- 
tion of acetylcholine by minced tissue is much slower at room temperature 
than at body temperature. There is, however, an effect of temperature in the 
opposite direction. 

The acetylcholine content of a sample of ground brain maintained in 5c.c./g. 
eserine-saline for 90 min. at 18-20° C. increased about 50% only. Since 
grinding alone would increase the yield of acetylcholine by about 25-33 %, the 
increase du ri n g the subsequent 90 min was only small. 

iVhen a suspension of ground brain has been shaken for 1-2 hr. there is some 
impairment of its synthesis of acetylcholine. This change proceeds more 
quickly at body than at room temperature; it can most easily be demonstrated 
when the period with eserine is preceded by one without eserine. In the 
experiments of Table 4 samples were shaken in 5 c.c./g. saline, first for 90 min. 
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without eserine at different temperatures, and then incubated with eserine for 
the same period at 36° C. During the preliminary shaking, any acetylcholine 
released will he destroyed by the cholinesterase, but that in the particulate 
matter, as, we have seen, will scarcely have changed; so that at the beginning 
of the second period of incubation the samples can be assmned to contain 
approximately the same amounts of acetylcholine as were originally present 
in them. The figures in Table 4 were, therefore, obtained by subtracting from 
the final acetylchohne, as determined in the samples, 3-2 or 3-7pg./g. re- 
spectively, according to the weight of the animals used, the differences repre- 
senting the amounts synthesized. 

Table 4. Effect of preliminary shaking, for 90 min., of ground brain (guinea-pig), at different 
temperatures, on its subsequent synthesis of acetylcholine on incubation at 36° C. for 90 min. 


Ko. of 

Temperature in ° C. during 

Acetylcholine in pg./g. synthesized 

exp. 

preliminary shaking 

on subsequent incubation 

1 

_ 2 

4-39 

2 

+ 2 

91 

3 

+ 18 

4-86 

4 

+ 36 

3-00 


A sample kept at 2° C. for 90 min. did not show any impairment of synthesis 
on subsequent incubation. The 9-lpg./g. of acetylchohne synthesized during 
incubation, after pretreatment at 2° C. (Exp. 2, Table 4), corresponds to the 
amounts synthesized without such preliminary treatment (compare Table 1). 
By pretreatment at 18° C. the tissue suffers a definite reduction of its synthetic 
activity, and this impairment is stUl more pronoimced at 36° C. (Table 4). 

Freezing. According to Mann et al. [1938] freezing a suspension of minced 
brain entails complete loss of ability of the suspension to synthesize acetyl- 
choline. In the present experiments it was foimd that when a suspension of 
brain material, without eserine, was frozen for 90 min., its abdity to synthesize 
acetylchohne was reduced (Exp. 1, Table 4), but the impairment was not 
greater than in a sample kept at room temperature. There was, however, a 
greater impairment, though not a complete loss, when the tissue was frozen 
for 24 hr. or longer (Table 6). In the first two experiments shown in Table 5 
the fresh brain was ground in eserine-saline, and the suspension was frozen, m 
the last two experiments the intact half-brains were frozen for 3 days. Then 
>one half, while stiU frozen, was extracted with HCI containing eserine; the 


Table 6 . Syutbesia of acetylcholine of brain tissue previously frozen 


Acetylcholine of frozen brain in pg./g. 

A , 


Duration of 

freezing (days) Control 


Incubated for Amounts of acetylcholine 
2 hr. at 36° C. synthesized in pg./g. 


1 

3 

3 

3 


3-16 

2-11 

1-60 

1-33 


4-02 

310 

4-76 

(1-67) 2-87 


1-77 

1-06 

3-20 

1-64 


Average 


3-93 


2-02 


1-91 
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other half was ground and incubated in eserine-saline at 36 C. for 2 hr. Owing 
to the rather remarkable loss of acetylcholine from the otherwise unmjured 
brain while frozen, as shown by the control half, synthesis started from a low 

16V61-. 

In the last experiment the acetylcholine of the particulate matter was de- 
termined separately and is given in brackets. The tissue particles were pre- 
sumably no longer able to bmld up their normal acetylcholine complement, 
which would have been of the order of 3-7 /ig-/g. It is iuteresting that the value 
for the particulate matter approximates to that of the control half-brain. This 
impairment of the tissue’s power to btuld up a normal store of acetylcholine is 
associated with a reduction in the amount released. 


Volume of saline used for incubation 

Mann et al. [1939] have concluded that when small amounts of tissue are 
incubated in a large volume of saline, the tissue substances required for 
synthesis are diluted below the optimum level. This conclusion was confirmed. 
The effect was best shown, when two equivalent samples were incubated for 
90 min, at 36’ C., but in different volumes. The half-brains of two small guinea- 
pigs were distributed in the usual way between the two samples. One was 
incubated with 5 c.c./g., the other with 20 c.c./g. of eserine-saline. The yield 
from the former was ll-5^g./g., that from the latter 9-5pg./g. The brains can 
be taken to have contained initially about 3-2fig./g. and about another 
Q-Sug.jg. was probably synthesized during grinding. Thus, during incubation, 
about T-5 and 5-5/ig./g. respectively were synthesized. 

An even greater depression occurs when a suspension of ground brain is 
centrifuged, and the supernatant fluid is replaced by fresh solution before 
incubation. Two samples were suspended in 5 c.c./g. eserine-saline and centri- 
fuged. The one residue was resuspended in its own supernatant fluid and 
incubated; it yielded 10-58 /ig./'g. The supernatant fluid of the other sample 
was replaced by an equal volume of fresh eserine-saline; after incubation the 
yield was T-llpg./g. The supernatant fluid, incubated separately, yielded 
0-65pg. 'g. This value is lower than the average amount synthesized during the 
grinding, and shows that no synthesis had occurred in this fluid during 
incubation. This result confirms the observation of Mann et al. that synthesis 
of acetylcholine does not occur in solution, but needs insoluble brain material, 
i.e. cell debris or mtact cells. Deducting from both yields the estimated orimnal 
content of 3-7^g./g. and adding 0-65pg./g. to that for th^ tissue resuspend^ in 
eserme-sahne, an estuuated synthesis of about 6-9 andM-Iaa/cr occurred in 
the two cases. ° 


The substances necessary for optimal synthesis in a suspension of groun. 
brain are not denved from the traces of blood present in the brain. Svnthesi 
IS not depressed when afl traces of blood have been washed out of the brai 

PH. cm 
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“erine- 

control halves extract ' 

90 min. in 6 o oT Ierir™? 

232%. ■'*■ P«Wed lM4pg./g., giving aa increase of 

"' :s °?:r " »f ^ 

auspMaion of ground half-brama incubated for 90 min. at 36° C 

m . 1 _ * 


No. of 
exp. 

1 

2 

3 

4 


Total acetylcholine yield 
i“W/g. 


Acetylcholine in no la sra.- 
thesized during mcubation 


( lAuxiUg iU.UUUttUlUIl 

Without^ J:S7Z. 

M « M « 

22 


7-9 

6-6 


10-9 

U-2 


a -0 

9-2 


4-6 

6-9 


4-7 

3-4 


6 - 9 

7 - 2 


8-7 

0-0 


86 

76 


Glucose 


ac^vJ^nr glucose accelerates synthesis of 

acety ehohne m fresh brain tissue whether shced or minced. They attributed 

these b tl939] to observe this effect to the fact that 

incuhftf ^1 *^T W'ashed the tissue free from its ‘metaboUtes’, and had 

moubated relatively large amounts of tissue with small amounts of saline, thus 

f , ^ corr^pondingly small dilution of the natural glucose and other 

xactors required for synthesis. 

b ^®*^®iurating effect of glucose has been confirmed, but it has also been 
no ■ ^ ^ oAtractives in a suspension of ground brain have not been 

oiently diluted, or removed bj washing, the addition of glucose to the 
suspension may even exert an inhibitory effect. 

■^ugmentation. ffor each experiment of Table 6 the brains of two small 
gumea P^g® were used, halved and distributed in the usual way. In Exps. 1 
1 ® brains were ground in eserine-sahne and incubated in 21 c.o./g. to 
u e t e extractives, 1 mg./o.c. glucose being added to one suspension. The 
ainounts of acetylcholine synthesized during incubation (third and fourth 
CO umns) were obtained by subtracting 4pg./g. from the acetylchoKne yield of 
e samp es. The 4pg./g. represents the estimated initial acetylcholine content 
' PS'/S') plus 26% for synthesis during grinding. 

In E^s. 3 and 4 the extractives were removed by spinning the sahne 
simpensions (20 c.c./g.) of ground brain and replacing the supernatant fluid 
wth fresh eserine-saline. This was done once in Exp. 3 and twice in Exp. 4. 

ach residue was taken up with about 6 c.c./g. eserine-sahne, with glucose 
(1 mg./o.c.) in one case, and incubated. The amounts synthesized during 
incubation were calculated by subtracting 3'2p.g./g. from the acetylchohne 
yields obtained. The yield of acetylcholine in the sample of Exp. 4, containing 
glucose, was somewhat low; the repeated exchange of supernatant fluid may 
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have deprived the tissue of factors required for synthesis other than glucose, 
a possibility also envisaged by Mann et al. 

Inhibition. The results are given in Table 7. Again for each experiment the ' 
brains of two smaU guinea-pigs were used. The samples were ground in esenne- 
saline and incubated in 5 c.c./g. The samples to which, under these conditions, 
glucose had been added, yielded less acetylcholine than those without added 
glucose. The amounts synthesized were obtained by subtracting 4pg./g. from 
the acetylcholine yield. Inhibition was evident with 1 mg./c.c. glucose, and 
increased progressively with stronger concentrations. 


Table 7. Inhibiting effect of glucose on synthesis of acetylcholine in an eserine-saline 
suspension of ground half-brains incubated for 90 min. at 36—37° C. 




Acetylcholine in pg./g. syn- 
thesized during incubation 


Inhibition by 
glucose in 

0/ 

/o 

Total acetylcholine yield in pg./g. 

A . _ 

Glucose in 
mg./c.c. 

/ 

Without glucose 

^ 

With glucose 

/ \ 
Without glucose With glucose 

10-38 

9-22 

8-38 

5-22 

-1 

18 

12-20 

10-40 

8-20 

8-40 

1 

22 

12-00 

10-95 

8-00 

6-95 

2 

13 

11-67 

8-87 

7-67 

4-87 

2-2 

37 

1201 

8-67 

8-01 

4-67 

I” 

42 

11-90 

7-94 

7-90 

3-94 

4-1 

50 

9-22 

4-76 

5-22 

0-76 

8 

85 


The factor of dilution would thus appear to have been a principal cause, at 
least, of the apparent discrepancy between the findings of the Stedmans and 
those of Mann et al. 

lodoacetic acid 


An intracardiac injection, into a guinea-pig, of 70 mg./kg. iodoacetic acid 
proved lethal within 15 min. Synthesis of acetylcholine in the ground brain, 
removed immediately after death, appeared to be normal. When, however, 
strong concentrations of iodoacetic acid, carefully neutralized with NaOH, 
were added to the medium used for incubation, synthesis was inhibited, even 
if no intracardiac injection had been given during life. The inhibiting effect of 
different concentrations of iodoacetic acid is seen when the results given in 
Table 8 are compared with those given in Table 1. lYhen the brain, ii^tead of 


Table 8. Effect of iodoacetic acid ou syntbesia of acetylcholine in a saline suspension 


Xo. of 
eip. 

1 

*2 

3 

4 

5 

6 
7 
3 
9 

10 


Acetylcholine in pg./g. 

Concentration . ■ ^ Difference 

nf ^ Control, Incubated, in 

iodoacetic acid half-brain half-brain °L 


1 : 1200 

3-64 

1 : 1400 

2-92 

1 : 1800 

2-77 

1 : 1800 

2-93 

1 :2000 

3-43 

1 ; 2900 

2-96 

1 -.4000 

2-86 

1 -.4000 

2-87 

1 : 2-200 

3-63 

1 -.2200 

4-48 


3-60 

- 4 

2-50 

-14 

2-86 

T 3 

3-34 

t12 

3-13 

- 9 

3-08 

-t- 4 

3-76 

+ 32 

4-34 

-r51 

8-66 

+ 88’ 

7-28 

+ 63 


Notes 


Sodium pyruvate added 
Sodium lactate added 

Sodium pyruvate added 

Br^ not ground but finely 
divided for 10 min. 


25—2 
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being ground, was finely divided with scissors, the effect of iodoacetic acid on 
incubation was less pronounced (Table 8, Exps. 9 and 10). 

The effect of iodoacetic acid was not prevented by adding sodium lactate or 
pyruvate to the medium (Table 8, Exps. 4, 6 and 7). 


Ether 

In the absence of eserine. It has been shown that the tissue particles of ground 
brain incubated in sahne, without eserine, retain their acetylchohne. This is 
not the case when ether is added to the' medium. Under these conditions, the 
acetylchohne of the tissue particles diminishes progressively. The results m 
Table 9 were obtained with brains of small guinea-pigs ground with 6 c.c./g. 
ether and 4—6 c.c./g. sahne. At higher temperatures (36° C.) the tissue lost its 
acetylchohne more quickly. 

Table 9. Acetylcholine content of ground half-brainB (guinea-pigs) shaken in 
an ether-saline mix ture at 16° C. for different periods 

Time of shaking in min . 0 2 10 20 00 

Acetylcholine in /ig./g- 3*2 2*3 1*0 1'4 0*0 


There are two possible explanations of this effect. The acetylchohne may be 
released (and then destroyed) from the tissue more quickly than it can be 
replaced by synthesis, or the ether may change the condition in which the 
acetylcholine is held in the tissue, so that, without being released, it loses its 
protection against the chohnesterase. Experiments with dried brain powder 
(see p. 387) favour the latter explanation. 

In the presence of eserine. The observations of Stedman & Stedman [1937, 
1939] and of Mann et cU. [1939], that a suspension of ground brain ahowed to 
stand with eserine-saline and ether at room temperature synthesizes acetyl 
chohne have been confirmed. Grinding the brain for 2 min. with eserine-saMne 
and ether did not immediately increase the acetylcholine yield; when the 
volume of saline used was less than 2 c.c./g. there was actually a slight loss. 

Several factors were found to influence the synthesis, such as the procedure 
of grinding and the volume of saline used. When samples were shaken or 
90 min. at room temperature, the acetylcholine yield varied according to 
whether the brain had been ground in saline with both eserine and et 
present, or whether the eserine or the ether had been added after the grin g 
Under either of the last conditions the acetylcholine was less. In the following 
experiments, therefore, ether and eserine-saline (usually about 2 c.c./g. of eac 
were used for grinding the brain, and the samples were then made up to t 
final volumes. The effect of varying the volumes of ether and eserine sa m 
the final mixture is shown by the experiments of Table 10. Eac va 
a half-brain and has been obtained by subtracting, from t e a con 
observed, either 3-7 or 3-2pg./g. according to the weight of the anima . 
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be noted that, in the presence of etber, tbe optimal value may be as high as 
12pg./g. wbicb is bigber than tbe best yield obtained mtb eserme-salme alone. 


Table 10. Acetylcholine in (ig./g. synthesized by ground balf-brt^ (gniuM-pig), 
in different mixtures of eserine-saline and ether during 00 min. at 16° C. 


20 ■ 



008 





0-7 

— 

0 

0-2 





2-6 

— 

0-9 

1-6 


0*2 



4-S 

5-9 

5-3; 5-6 

3-8 


0-2 

7-6 

12-0 

80 

11-1 

9-1 





10-3 

7-4 

. 8-1 

*1*8 

- 

1 

1 

10-0 

1 

7-8 

1 

11-3 

1 

6-4 

- - i 


0 

0-5 

O 

5 

10 

20 


0 

•16; 51; 31 
6-8 


40 


ether (c.c./g.) 


A. change in volume of eseiine-salme firom 0-08 to 2 c.c./g. did not clearly 
infinence syntbesis in tbe presence of etber. Tbe 0-08 c.c./g. were needed for 
dissolving tbe eserine. Witb greater volumes of eserine-saline, from 5 c.c./g; 
upwards, syntbesis diminisbed and, finally, witb a volume of 20 c.c./g. it 
practically ceased. On tbe otber band, witb tbe exception of a sbgbt depression 
of syntbesis witb very large volumes, tbe volume of etber bad no effect. It is 
interesting to note that an accelerating effect is obtained witb relatively small 
amounts of etber. 

Tbe following experiments were carried out to examine tbe depressing effect 
exerted by large volumes of eserine-saline in an etber-saline medium. Glucose 
was added to tbe eserine-saline; it did not restore syntbesis. Tbe following 
procedure, however, proved effective. Tbe brains of three guinea-pigs were 
ground in 5 c.c./g. saline, without eserine, tbe suspension was centrifuged and 
the supernatant fluid removed. This fluid, when shaken witb eserine and etber 
but without tbe residue, did not synthesize acetylcholine; if, however, it was 
used instead of clean saline for preparing tbe etber-eserine-saline medium in 
which tbe brain tissue was shaken, tbe inhibition otherwise exerted by a large 
volume of saline was no longer observed. Tbe effects of glucose and supernatant 
fluid are shown in Table 11. Tbe values are again from separate half-brains and 
were obtained by subtracting either 3'7 or 3’2p.g./g. from tbe acetylcholine 
yield. 


Xo. of 
Bample 
1 
2 

3 

4 


Table 11. Synthesis of acetylcholine by ground half-brains (guinea-pigs) 
in different media during 90 min. at 16° C. 


Content of sample 

Half-brain. 5 c.c./g. eserine-saline and 10 c.o./g. ether 
Half-brain. IS c.c./g. eserine-saline and 15 c.c./g. ether 

Half-brain. 15 c.c./g. eserine-saline plus 1-5 mg./c.c. 
glucose and 15 c.c./g. ether 

Half-brain. 5 c.c./g. eserine-saline plus 15 c.c./g. super- 
nat^t fluid (obtained from 3 other Drains, each ground 
with 5 c.c./g. saline) and 15 c.c./g. ether 

Equal volumes of eserinized supernatant fluid and ether 


Acetylcholine in pg./g. 
synthesized 
5-6 
. 0-3 

0 

4-8 


5 


0 
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It was not possible to determine the acetylchoHne in solution, separately 
orn t at ^ eld in the tissue. The ether forms a more or less homogeneous 
emulsion with the brain material and the saline, from which the brain materiaf 
canuot be separated. When the volume of eseripe-sahne is large, some cloudy 
m may separate out at the bottom of the flask on standing, but, even then, 
t e layer containing the brain material contains a great bulk of aqueous 
solution. The results obtained when ground brain is shaken in ether, with 
practically no additional saline, are of interest. The total yield of acetylcholine 
in the experiments given in the bottom row of Table 10 was between 9'6 
(6 4 + 3-2) fig.jg. and 16 (11-3 + 3-7) jug./g. Since acetylchoHne is insoluble in 
ether, the amounts synthesized may be held in the tissue particles, or in the 
tissue fluid, or may be orientated at the ether-water interface. 

In confirmation of Mann et al. [1939] it has been found that synthesis was 
greatly reduced and sometimes nearly abolished by incubation in eserine-saline 
with ether at 36 C. instead of at 16° G. The effect of temperature when ether 
is present has been examined in detail with dried brain (see p. 388). 


Table 12. Accelerating effect of glucose on synthesis of acetylcholine. Suspension of 
ground brain in on eserme*saline‘ether medium at C. 


Total yield of acetylcholine 
ip /g- 


Acetylcholine in synthesized 
in 90 min. 

A - 


Without glucose 

5-4 

5- 8 

6- 3 
4-8 


With glucose 
6-3 
0-6 
8-8 
0-0 


Without glucose 

1- 7 

2 - 1 
2-0 
1-6 


With glucose 
2-0 
2-9 
6-1 
2-8 


It has been mentioned that the depression of synthesis by dilution in an 
eserine-saline-ether medium cannot be prevented by glucose. In order to 
demonstrate an accelerating effect of glucose, conditions had to be chosen 
which allowed some water-soluble substances derived from the tissue to be 
removed, without causing an irreversible loss of synthesis. The following pro- 
cedure proved successful. The half-brains were ground in saline, the suspen- 
sions centrifuged and the supernatant fluids removed. Eserine was added to 
the residues, which were ground for another 30 sec. with 2 c.c./g. ether; another 
8 c.c./g. ether and 3 c.c./g. eserine-saline were then added to each sample, and 
to one 7 mg./g. glucose. The results are given in Table 12. Repeated centri- 
fuging and replacement of the supernatant fluid resulted in more or less com- 
plete loss of synthesis, which could not be restored appreciably by glucose. 

No inhibiting action of glucose in a medium of eserine-saHne with ether has 
been found in these experiments. 
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n. Eosmatios or acettlchouat: by dbied tissue of 

tttf, CEYTBAE XEBTOCS SYSTEil 

Dried brain porrdet, althongb containii^ °T^aeea°maa ^cmaitioM most 
ei„bne,r.trins tb.abmty to^^»»^ 

tr:“^r^^er‘m:^^'^irtban Z corresponding anronnt of fresb 

t ■ ;i ^mTinrahle conditions Theamoimtsformedvaxy-vsTth.tliespecies, 

trie"rb"e and after drying and ^tb tbe temperatnre, 
medinm and duration of incubation. 



Dos 


Cal 



Hg. 2. Synthesis of acetylcholine by brain powder &om different species at 18° C. in eserine- 
saline with ether. Ordinates: acetylcholine in pg./g. Abscissae; time in hours. 


The results obtained -when 200-250 mg. of brain poirder from different 
species are shaken at 18"^ C. in about 3 c.c. eserine-saline 'with 10 c.c. ether are 
shovm in Eig. 2. In. each experiment, a number of samples of the same powder 
were shaken for different periods, and each curve represents the results of one 
experiment. The acetylcholine formed is expressed in pg./g. of powder, and is 
plotted as ordinates against the time in hours as abscissae. Of the four species 
examined, dried brain from the guinea-pig yielded the most active powder, 
that of the cat the least active one. The amounts of acetylcholine formed 
during I hr. incubation varied between 100 and 120pg./g. for the guinea-pig. 
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and between 40 and TOfig./g- for the rabbit and dog. With rabbit’s brain the 
formation was quicker during the first hour and slower during the later hours 
than with dog’s brain. 

Powder of guinea-pig’s' brain was made by drying six brains, of rabbit’s 
brain by drying three or four brains together. Individual variations were thus 
partly eliminated. One powder of dog’s brain gave relatively low values for 
synthesis. In this case the cerebeUmh and medulla had also been removed for 
drying. All parts were dried separately in the same desiccator, but the amount 
of P 205 used was apparently insufficient for quick drying of this quantity of 
tissue, and this might explain the low values obtained. 


I Guinea-pig Rabbit 

/tg./g. 



in hours. 

When the dried powder was kept in the cold over PaOg or ^ 

;o synthesize acetylcholine diminished gradually. sua y ^ ^ 

totion during the first week. During the first 3 wee^ -^aCtut ffi 
L0o/„, others up to 30% of their activity. In powders (dog bram) kept 

5-4 months, 40-60% of the original activity was ^ days 

In the early experiments, the brains we^e^ P 

before being dried. The powders obtamed from these we 
as those from freshly dried brains. 



3S3 


acetylcholine synthesis in c.^.s. 

Different farts of the central nervous system. The lesults aie slio\m Kg- 3- 
The samples weie treated in the same way as in the experiments of hig. 
Powder prepared from the cortex was mote active than that from the whole 
brain, or from any other part separately tested. The brains of four rabbits were 
divided in the middle line, the right halves of two and the left halves of the 
other two being dried together. Prom the font other halves the hemispheres 
were removed and dried separately from the rest. The activities of the three 
powders are shown in Pig. 3. In a corresponding experiment, with six guinea- 
pigs, the medulla, spinal cord and cerebellum were separately dried and 
assayed (Pig. 3). Dried meduUa and spinal cord were less active than dried 
cerebrum, but the lowest values were obtained from the cerebellum (18pg./g. 
during 2 hr. shaking). Dried spinal cord did not form a powder, but a wax-like 
mass which apparently did not take up water or ether as readily as the powder 
from the brain. Even the medulla did not yield a powder with such a fine grain 
as the forebrain. Mechanical differences may be concerned in irregularities 
which make it difficult to compare the activities of the spinal cord, medulla and 
cerebellum. Por instance, during the first hour, spinal cord formed 13pg./g., 
medulla 23pg./g. and cerebellum lOfig./g.; during the second hour, spinal cord 
formed 19pg./g., medulla 14fig./g. and cerebeUum 8pg./g. 

In one experiment, powders were prepared from dog’s forebrain, medulla 
and cerebellum. The yield of acetylcholine after shaking for 2 hr. in eserine- 
saline with ether at 18° C. was, for the brain 24:pg./g., for the meduUa 9-5pg./g. 
and for the cerebellum 1-7 pg./g. 

In the following. experiments powder of the forebrain was always used. 

Volume of ether and saline used for treatment of foicder 

MTien brain powder is treated at room temperature with different volumes of 
ether stud eserine-saline the amounts of acetylcholine formed in a given time 
vary greatly . It was found ; (1) that no acetylcholine was formed in ether alone 
(99-5°o ether was used, since 0-05 c.c. of water were needed to dissolve the 
eserine; (2) that acetylcholine was formed in eserine-saline ia the absence of 
ether; but (3) that ether accelerated this formation; and (4) that the volume 
of eserine-saline greatly influenced the formation of acetylcholine, whereas the 
volume of ether, once sufficient, did not further influence the result; with 
optimal volumes the addition of ether might effect a four- to fivefold increase 
in the yield. 

Brain powder, shaken in eserine-saline with ether, takes up both water and 
ether. The uptake of ether is seen when the dried brain powder is mixed with 
eserine-saline and ether in a wide test-tube, and the sample is left unstirred 
or only occasionaUy shaken. The brain particles, which at the beginning cover 
the bottom of the tube, graduaUy rise to the top of the aqueous phase. Usually 
samples composed of 300 mg. powder, 3 c.c. eserine-saline and 10 c.c. ether 
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were kept at 18° 0. Within. 20 min. the finer particles of the powder accumu- 
lated at the top of the aqueous phase, the larger ones still lying at the bottom; 
but eventually these also rose to the top. Thus, a layer of particulate matter 
was formed which became more compact with time, whilst a deepening layer 
of relatively clear fluid separated at the bottom. Fmally, the sample showed a 
deep layer of ether at the top and a shallow watery layer at the ^Dottom; 
between the two the brain material floated, consisting in its upper part of fine 
particles, giving it a pus-like appearance, and in its lower part of larger reddish 
particles. After the sample had been stirred, the layers separated out again on 
standing. 

The accelerating effect of ether on the synthesis of acetylcholine is apparent 
with small amounts of ether, and becomes optimal when about 1 c.c./lOO mg. 
powder are added to a sample, further addition producing no further increase 
(Table 13). 

Tabt.b 13. Effect of different volumes of ether on synthesis of acetylcholine by dog’s brain powder 

Each sample contained 300 mg. powder and was shaken for 2 hr. at 18° C. with 4-5 o.c. eserme* 
saline and the volume of ether indicated. 

Ether in o.c. 0 0*3 0*5 1 3 ® 

Acetylcholine in /ig./g* 7*6 13*5 15*3 21*8 26*3 26*1 

Wben the ether is present in a sufficient proportion, the formation of acetyl- 
choline rises to a maximum with increase in the volume of eserine-saline added, 
and then decreases with further increase (Table 14). 


Table 14. Effect of different volumes of eserine-saline on syntbesiB of 
acetylcholine by dog’s brain powder 

Each sample contained 300 mg. powder and was shaken for 2 hr. at 18° C. with 6 o.c. ether 
and the volume of eserine-saline indicated. 


Saline in o.c. 0-06 

Acetylcholine in pg./g. 0 


0- 2 ■ 0-4 0-8 1 

1- O 4-8 12-7 23-3 


2 3 4-6 8 

31-9 32-0 25-3 


In this experiment with 300 mg. powder, corresponding to about 1‘4 g. fr^h 
tissue, the optimal volume of saHne was 2—3 c.c. Smaller volumes of saline 
were apparently insufficient. With larger volumes, a water-soluble factor, 
necessary for optimal synthesis, apparently becomes too greatly dilute . 
Optimal conditions for the synthesis of acetylcholine, therefore, were obtaine 
when, the volume of eserine-saline was about 2—3 times that of the water 
present in the &esh tissue. When brain powder was kept in eserine-salme wit 
out ether, much larger volumes of saline could be used without impairing t e 

synthesis of acetylchohne. . . 

When, in the following section, reference is made to synthesis in eserme- 
saline with ether, without stating details, 200-300 mg. powder were mixe 
with 2-3 c.c. eserine-sahne and 10 c.c. ether. 
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Xo. of 
sample 
1 
2 
3 
i 

5 

6 


Taele 15. Synthesis of acetylcholine by guinea-pig’s brain powder in 
different media (for details see test) 

Content of sample (in addition to eserine and 10 c.c. of ether) 

200 mg. powder and 3 c.c. saline 
200 mg. powder and 6 c.c. saline 

200 powder and 6 c.c. saline with 1-5 to 3 mg. gluMse/c.c. 

200 mg. powder, 3 c.c. saline and 3 c.c. supernatant fluid obtamed 
from 260 mg. powder 

3 c.c. supernatant fluid from 250 mg. powder 

3 c.c. saline and 200 mg. powder (after twice sus^ding m sahne, 
centrifuging and remoTing the supernatant fluid) 


Acetylcholine 

in pg./g. 

62 

50 

50 

77 


12 


Similar results to tkose described for dog’s dried braiu tvere obtaiued trith 
guinea-pig’s brain potyder. Eor instance, samples of 200 mg. of tbe latter, kept 
for 90 min at 18° C. in 3 c.c. eserine-saline tdtb 10 or 20 c.c. of etber, formed 
4l6-3 and 48-0pg./g. acetylcboline respectively. In another experiment, the 
medium consisted of 10 c.c. ether trith 2*7 and 6'7 c.c. of eserine-saline re- 
spectively; the yields of acetylcholine -were 53 and 35;ig./g. The decrease 
caused by the large saline volume was not prevented by adding glucose to the 
saline (sample 3, Table 15). When, hotrever, the increased volume of eserine- 
saline was replaced by a corresponding volume of supernatant duid, obtained 
&om another sample of brain powder, there was no longer a decreased but 
sometimes even an increased acetylcSEoline formation. In such an experiment, 
the results of which are given in sample 4, Table 15, about 500 mg. powder 
were shaken for a few minutes in 6 c.c. saline, without eserine and ether, the 
suspension was centrifuged and the supernatant fluid was removed and used 
for making up the sample. This fluid, when shaken without the residue but with 
eserine and ether, synthesized very small amounts of acetylcholine (sample 5, 
Table 15). 

The importance for synthesis of acetylcholine, of a water-soluble factor 
extracted from the powder by saline, is further evident from the fact that 
synthesis was greatly reduced when, after spinning down a saline suspension 
of brain powder, the residue was washed and resuspended in fresh eserine- 
saline (see sample 6, Table 15). The soluble factor was not affected by separate 
incubation of the supernatant fluid, with or without ether, at 18 or 36° C,, or 
indeed even by boiling. 


Distribution of the formation of acetylcholine in eserine-saline with ether 

Only traces of acetylcholine can be extracted from the ether layer. In order 
to determine separately the amounts in the eserine-saline and in the brain 
material, samples of dog’s brain powder were kept at 18° C. in a separating 
funnel and left unstirred during the last few minutes. The eserine-saline sena 
rating out at the bottom was collected. The residue remaining in the funnel was 
washed twice with a few c.c. of eserine-saline, previously shaken with ether' 
The onginal eserme-sahne and the washings were pooled. In the extraction ol 
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acetylcholhie the ether and the particulate matter were usuaUy treated to- 
gether. The results are given in Fig. 4. 

The upper tracing gives the total 
acetylchoHne yield; the lower that of 
the particulate matter. When once the 
latter reached a certain value, between 
11-4 and 12p.g./g. in this experiment, it 
remained constant. Any further increase 
in the total acetylcholine must have 
resulted from an increase in the acetyl- 
choline of the eserine-saUne. Small 
amounts of acetylcholine appeared in 
the eserine-saline before the particulate 
matter reached its full value. In the 
experiment illustrated by Fig. 4, the 
sample taken after 25 min. yielded 
froDi the particidate matter 
and 2-8pg./g. from the saHne. 

In other experiments, with brains 

of different species, the acetylcholine u i z } ^ 

content of the particulate matter was ... 

determined after incubation for 2 hr. 

m the same manner and compared with - ■ - - - 

the acetylcholine formation by powder 
(Table 16). There was a general corre- 
spondence. Powder of the guinea-pig’s 
brain showed the greatest acetylcholine formation and the highest value for 
the particulate matter. 

In order to compare the acetylcholine content of the particulate matter from 
powder with that of fresh brain tissue, the former was calculated in fig. per 



Mzea ai lo u. m esenne-saune witn einer, 
dog's brain powder, in the particulate matter 
(lower curve) and the aqueous layer. Upper 
curve total acetylcholine. Ordinates: acetyl- 
choline in /xg./g. Abscissae: time in hours. 


Table 16 . Content of acetylcholine by particulate matter of brain powder 
suspension compared with fi'eah brain 


Acetylcholine in particulate 
matter 


Animal 

Synthesis of 
acetylcholine 
in 2 hr. 

In Pg /g- 

In pg./220 mg. 
powder (equiv. 

Acetylcholine 
in /ig./g. fresh 
brain 

Mg./g. powder 

powder 

1 g. Uesh brain) 

Cat 

33 

9-6 

2-1 

1-6 

Dog 

46 

10-6 

2-3 ) 


Dog 

42 

11-4-120 

2-6-2-6 1 

1-3 

Dog 

41 

14-0 

3-1 J 


Kabbit 

44 

13-5 

30 

1-6-1-8 

Guinea-pig 

67-90 

200 

. 4-4) 


Guinea-pig 

Cllinpn .nirr 

64 

QQ 

210 

vt.a 

4-6 1 
.SO 

3-2-3-7 
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2‘>0m- powder, the approximate equivalent of Ig.fresli tissue. Although of 

the same order in both (columns d and 5, Table 16), it was in aU species higher 
iu the material from powder than in fresh brain. In the case of the guinea-pig, 
where the difference was from 30 to 50%, a sufficient number of brains have 
been examined to allow such a comparison. The figures for the fresh brain were 
derived from forty-five individual determinations, and each powder was pre- 
pared from six brains. Possibly the figures for the particulate matter from the 
powder are a httle too high, and include small amounts of acetylcholine in 
solution, since the separation may not be complete with the method employed. 
In addition, the particulate matter still includes fiuid which may contain 
acetylcholine, as was found in corresponding experiments with fresh brain. 
The main result is that powder of dried brain, when kept in eserine-saliue with 
ether, bmlds up in the tissue particles a store of acetylcholine of the same order 
as is present in fresh brain. No store is built up unless eserine is present. 

In the esertne-saline layer aU. the acetylcholine is in free and active form. 
The same acetylcholine equivalents were obtained when one part of the saline 
layer is assayed directly on the frog’s rectus muscle, the other part after 
extraction with acid and boiling. 

The acetylcholine in the eserine-saline layer is not formed there, but is 
released into it from the particulate matter where it is formed, as shown by the 
following experiment. Brain powder was kept in a separating funnel with 
eserine-saline and ether at 18° C. for 3 hr., but after li hr. the liquid at the 
bottom of the funnel was removed and replaced by fresh eserine-saline. The 
removed liquid was divided into two parts, one being extracted at once, while 
the other, after the addition of ether, was kept at 18° C. for another li hr. 
Both fractions yielded the same acetylcholine equivalent. No acetylcholine, 
therefore, was formed when the liquid was shaken without brain particles. On 
the other hand, the fresh eserine-saline after shaking for a further li hr. with 
the particulate matter was found to contain acetylcholine. 


Distribution between powder and eserine-saline in the absence of 


c*nc/ 


j 

Dried brain, kept in eserine-saline without ether, is unable to build up a store 
of acetylchoUne in the tissue particles. The value eventually reached was less 
than Ifig./g. It has not been possible to determine it exactly, since, on centri- 
fuging a sample, the particulate matter forms a rather bulky shme,'containins 
a relatively large proportion of fluid which cannot be separated. The concentra- 
Uon of acetylcholine in the slime was found to depend on that in the saline 
For ^tance, two samples of 200 mg. of powder of guinea-pig’s brain were kep1 
for . hr. at 19 C. m 9 c.c. esenne-saline ; another 9 c.c. were added to om 
sample, and both were kept for a further 10 min. They were then centrifuged 
and the supernatant flmds were poured off. In each case, the slime weigher 
^•0 g. and contamed therefore about 2-3 c.c. fluid. The slimes from the 9 anc 
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the 18 c.c. sample yielded 3 and l‘6/xg./g. acetylcholine respectively; the 
supernatant fluids contained 13-6 and llpg./g., which were distributed in 6'7 
and 16-7 c.c. of fluid. The concentrations in the flmds, therefore, were 2 and 
just under Ipg./c.c., those in the corresponding slimes being T2 and 0-6jng./g. 
respectively. 



Fig. 5. Effect of temperature on synthesis of acetylcholine by dog’s brain powder kept in eserine- 
n nlfn n with ether. A and D at 17° C.; B and E at 26° C.; C and F at 36-6° C. The eserine was 
added to samples D and E after 4 hr., to sample F after 30 min . Ordinates : acetylcholine in 
tig-IS- Abscissae : time in hours. 

Temperature 

Eserine-saline mth ether. Samples were shaken at temperatures between 3 
and 37° C. Within this range, an increase in temperature had a twofold effect. 
The initial rate of formation of acetylcholine was increased, but during incuba- 
tion the synthetic power of the brain material declined at a rate which also 
increased with the temperature (Fig. 5). This decrease was not due to the 
formed acetylcholine. One sample (D) was kept at 17° C. and another (E) at 
26° C. for 4 hr. without eserine, so that no acetylcholine could accumulate, 
eserine was then added and the samples were kept for another 2 hr. at these 
temperatures. The samples yielded 12-6 and 2^g./g. acetylcholine respectively, 
i.e. practically the same quantities as were formed during the third 2 hr. period 
in the experiments shown in (A) and (B). A sample kept at 17 C., without 
eserine for 24 hr. and then with eserine for another 2 hr., yielded on extraction 
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le 33 than 0-5^g./g. acetylolioline. This condition vras reached 30 min at 

body temperature. There were only traces of acetylcholine (less than 0-5^g./g.) 
in a sample incubated at 36-5° G., first without eserine for 30 nun. and then 

•with eserine for 1 hr. (Fig. 6 F). i , r -+ 1 , 

In order to demonstrate the increase in the formation of acetylchohne witn 

the increase in temperature, the period of incubation must, therefore, he kept 
short when temperatures over 30° C. are employed. For instance, with dog s 
dried brain an incubation for 10 min. yielded 2-4pg./g. at 17 C. and 6'2p.g./g. 
at 36-5° C., although at the latter temperature the rate of synthesis must have 
fallen by one-half at the end of this time. The amounts synthesized in 1 hr. at 
different temperatxires are shown in Table 17 . Similar results were obtained 
■with powder of guinea-pig’s brain. 


Tabm n. Synthesis of acetylcholine in 1 hr. at different temperatures by dog’s 
brain powder suspended in a mixture of eserine-saline and ether 

Temperature in ° C. 6 10 17 26 30 36’6 

Acetylcholine in pg./g. 7'6 11*9 20*6 29*6 17*9 6*2 


The question whether the inactivation is wholly an effect on the synthetic 
mechanism of the particulate-matter, or partly on some factor contained in the 
watery phase of the brain-ether-saUne system, has not yet been settled by the 
esperiments so far completed. Material inactivated by preliminary incubation 
at 36° C. partly regains its synthetic power on addition of fresh supernatant 
fluid obtained from a saline suspension of brain powder. For instance, a sample 
of dried guinea-pig’s brain shaken for 2 hr. in eserine-saline with ether at 
17° C. had formed 75p.g./g. acetylcholine, but only 1-7 pg./g. when preceded by 
incubation for 30 nfln. at 36° C. without eserine. "When, however, the saline was 
exchanged, after the preliminary incubation, with supernatant fluid from a 
saline suspension of brain, then the value of 1-7 /ig./g. rose to 21p,g./g. On the 
other hand, it has been mentioned earlier that the soluble factors contained in 
the watery phase are not affected by separate incubation of supernatant fluid 
with ether at 18 or 36° C., or even by boiling. 

The fact that there is no appreciable loss of acetylcholine already formed, 
as a result of the incubation, or in the process of extraction, is clear from the 
following experiment. After the samples had been inactivated at 36° C. in 
ether-saline, eserine and 100 (xg. of acetylcholine were added, and incubation 
was continued for another hour either at 17 or at 36? C. The samples then 
yielded on extraction 100 and 96pg. of acetylcholine respectively. 

Eserine-saline without ether. Brain powder at room temperature in eserine 
saline alone forms acetylcholine, but less than when ether is also present. This 
difference for dog’s brain powder is shown in Fig. 6. At 36° C. the amounts of 
acetylcholine formed were somewhat greater. With powder from the guinea- 
pig 3 brain, the acetylcholine yield usually differed only slightly, or not at all 
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when the samples were shaken at 36° C., instead of at 18° C. The amounts 
formed without ether by guinea-pig’s brain during 2 hr. were between 16 and 
25pg./g., as compared with 60-100jng./g. formed with ether in the system. 
Powder of the rabbit’s brain, although less active than that of the guinea-pig 
when shaken in eserine-saline with ether, was as active or even more acbve 
than that of the guinea-pig when in eserine-saline alone. With one powder 
40pg./g. were formed during 2 hr., but usually the amount was about 20/ig /g. 


Fr/g- 



Pig. 6. Effect of temperature on syntlieais of acetylcholme by dog’s bram powder m CBenne sabne 
(contmuons Ime), compared with treatment m eaerme salme with other (dotted hne) Ordi 
nates acetylcholme m pg /g Abscissae time m hours. 

Prehmmary mcubation m sahne without eserme had a similar mactivatmg 
effect to that produced by ether-saline. At 36° C. the mactivation of the 
powder proceeded more qmckly than at room temperature. This is best shown 
as follows. A sample of gmnea-pig’s bram powder kept for 2 hr at 20 C. m 
eserine-sahne wnth ether yielded 90/ig./g. acetylchohne. This yield was reduced 
to (a) 66pg./g. and (b) 27fig.lg. by previous umnersion for 30 mm. in sahne, 
wdthout eserme and ether, at (o) 20° C. and (6) 36° C. 

Companson of the inactivation of brain powder at different temperatures in 
ether, in ether-saline and in saline. No detectable inactivation was observe 
with powder which had been kept at 20° C. m ether alone for several hours; 
when kept for 24 hr. under tliese conditions, subsequent synthesis in eserme- 
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salme .vith ether ^aa decreased by 40-50%. In the experiment sho^ in 
Table 18, samples of 200 mg. dried guinea-pig’s brain were kept for 30 min., 
without eserine, either at 20 of at 36° C. in the media indicated in the table; 
the samples were then shaken for 2 hr. at 20° C. in eserine-saline with ether. 
The powder yielded 90)xg./g. when shaljen for 2 hr. m this medium without 
previous treatment, and it will be seen that the preliminary treatment in ether 
at either temperature had no important effect on this yield, whereas treatment 
in ether-saline caused slight inactivation at 20 C., and very marked inactiva- 
tion at 36° C. Saline alone caused more inactivation than ether-saline at 
20° C., but at 36° C. it caused less. 

Table 18. Inactivatioii of brain powder at different temperatures in ether, ether-saline and saline 

Acetylcholine yield in ng./g- per g. powder of guinea-pig’s brain, kept 
at 20° C. in eserine-saiine with ether for 2 hr. following preliminary 
incubation for 30 min. in 


Ether Ether-saline Saline 

88 74 53 

SO 3 26 


Temperature 

during 

preliminary 

incubation 

°C. 

20 

36 


Effect on cholinesterase activity. The presence of ether in the saline greatly 
inhibits the activity of the cholinesterase of powdered brain; but there is no 
further or progressive loss of the activity of this enzyme with incubation for 
several honrs in ether-saline at 17° C. and a slight loss only with incubation 
at 36° C. 

Table 19. Effect of calcium on synthesU of acetylcholine with powdered brain 

Acetylcholine in pg./g. CaClj mg./c.c. 
(a) Control (6) Increaa^ CaClj saline in (b) 
43 6 

24 7 

, 24 11 

34 . 8 - 


Xo. 

1 

2 

3 

4 

5 

6 


Animfl] 

Dog 1 

Dog I 

Dog I 

Guinea-pigJ 
Rabbit 1 

Guinea-pig 1 


iledinm 

Eserine-saline 
with ether 


Eseriue-salme 


19 

20 


Less than 1 
3 


3-5 

3S 

1 

3'0 

4 

4 


Calcium chloride 

Mann et al. [1939] found that CaCIj greatly diminished the formation of 
acetylcholme by fresh brain tissue. The effect vras explained, in the main, by 
a change m cell permeability preventing the release of acetylcholme. 

The results of the present experiments are given in Table 19. The extra 
calcium was fomid to be precipitated by the phosphate normaUy used for 
buffering the sahne. In these experiments, therefore, the phosphate bnffer was 
omitted. This by itself entailed a decrease in the final yield of acetvlchoHnp nf 

at 18 C The calcium not only prevented the release of the formed acetvl' 
chohne. but also reduced synthesis in the particulate matter. The Su- /.r^f 

PH. cm. r^O'/o- 

26 
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acetylclioliae, synthesized in Exp. 4, were extracted from the particulate 
matter ; the liquid contained no acetylcholine. The particulate matter of the 
control sample yielded 20pg./g. 


Potassium chloride 

Mann et al. [1939] found that potassium increased the yield of acetylcholine 
formed by respiring tissue slices. Since the acetylchohne held ia the tissue 
slices decreased under this condition, the potassium was thought to catalyse 
the release of acetylchohne. The following resnlts may be compared. 

Eserine-saline with ether. A high concentration of potassimn did not influence 
the synthesis of acetylcholine. There was also no lowering of the concentration 
of acetylcholine in the particulate matter. A sample of guinea-pig’s brain 
powder was kept at 20° C. for 14 hr. with 6 mg. KCl/c.c. sahne. The particulate 
matter yielded 22‘7pg./g., as compared w’ith 20-23-8pg./g. without increased 
potassium concentration (see Table 16). 


Table 20. Effcot of KOI on formation of acetyloholine by brain powder 
flbaken in eserine-saline 


Animal 

Guinen-pig 

Rabbit 

Guuioa-pig 

Guinea-pig 

Guinea-pig 

Guinea-pig 

Guinea-pig 

Guinea-pig 

Guinea-pig 

Guinea-pig 


Aoetyloholino in pg./g. 



t 

Control sample 

KCl sample 

TO 

20 

26 

40 

16 

20 

17 

20 

26 

33 

20 

31 

19 

34 

20 

30 

33 

50 

27 

33 


Concentration 

Period of 

of KCl in 

shaking 

mg./o.o. 

in min. 

2-6 

30 

2'0 

120 

3'3 

30 

33 

90 

3-3 

120 

4-0 

60 

4-0 

120 

40 

00 

40 

160 

40 

120 


Eserine-saline. A high potassium concentration increased the amount of 
acetylchohne formed by brain powder (Table 20)., It was not possible to de 
termine its eflfect on the acetylchohne content of the particulate matter, as t e 
amounts of acetylchohne actually held in the tissue particles were too small to 
be determined accurately (see p. 387). 


Preliminary experiments on the role of atmospheric oxygen 
Oxygen uptake of brain powder in saline at 20° C. One e.xperiment was carried 
out. Two samples of 200 mg. each of guinea-pig’s brain powder were intro- 
duced into the side-bulbs of ordinary Warburg manometer vessels. The mam 
vessel contained eserine-saline, the KCl concentration of which ha een ii 
creased to 4 mg./c.o. The inner compartment contained KOH for CO, absorp- 
tion. After equilibrium had been established, the powder was tippe in 
main vessel. This resulted in the development of 19 and 21 cu.mm, gas re- 
spectively within 1-2 min. The positive pressure produced by the ", 
was obviously liberated from the dry powder, disappeared entirely in an hou 
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in one sample and practically entirely in tlie other. After that there was 
no further change in the manometer during the second hour, and 
readings, after shaking for 2 hr., showed a gaseous change of — 1 and +9 
cu.mm, respectively. If the total negative pressure (i.e. -23 and -12 cu.mm, 
respectively) occurring after the positive pressure had been developed is 
interpreted as oxygen uptake, it would correspond to 115 and 60 cu.nm. OJg. 
powder. This wo^d be an extremely small oxygen uptake. On extraction, each 
sample yielded o6pg,/g. acetylcholine. More than 80% of this amount must 
have been formed dming the first hour while the negative pressure developed. 

Synthesis in eserine-saline icith dher at 20° C. under anaerobic conditions. 
MTien the vessels used for incubation were filled with nitrogen instead of air, 
svnthesis proceeded from the first at a lower rate than in the presence ot 
oxvgen. and eventually came to a standstill. This stoppage may have resulted 
from the accumulation under anaerobic conditions of a metabolic product 
which prevented further synthesis, or the synthesis may have imtially de- 
pended on the presence of traces of oxygen, so that the process stopped when 
these were used up. 


T itit.-e 21. Synthesis of acetylcholine in eserine-saline and ether xmder anaerobic conditions 


Amounts of acetyl- 
choline in jrg./g. 




Period of 

formed in 

Passage 

Xo. of 

Animal's 

incubation r- 



of K. 

in 

exp. 

braiu 

in min. 

Air 

2\itrogen 

UUQs 

1 

Dog 

90 

33-3 

23-3 

3) 


.> 

Dog 

IflO 

-40-7 

23-7 

3 


3 

Dog 

•240 

55-5 

•24-5 

3) 


4 

Dog 

1-20 

40-0 

10-0 

4' 


5 

Dog 

100 

lt>-9 

7-5 

4 


6 

Dog 

130 

25-5 

3-0 

3! 



Dog 

1-20 

30-0 

S-0 

4 

■ 

S 

Guinea-pig 

120 

93-4 

50-0 

3 


9 

Guinea-pig 

120 

71-0 

5S0 

15 


10 

Guinea-pig 

1-20 

3S1 

40-6 

15- 



Xotes 

Incubated in Krebs 
bottles 

Incubated in Diron- 
Keilin flasks. Pre- 
liminary incubation 
for IP-fl hr. in ether 
to allow oxygen ab- 
sorption 


The first three experiments of Table 21 were done by shaking the samples in 
Krebs bottles. Ether and eserine-saline were first introduced into the bottle 
and nitrogen was bubbled through the solution for several minutes before the 
powder was added. The lids were then placed on the bottles and nitrogen 
passed through the vessels for another 3 min. when the taps were closed. 
Control samples were treated in the same way, but, after the nitrogen had been 
passed through the vessels, aerobic conditious were again restored. The 
amounts of acetylcholine formed in nitrogen were practicallv identical in all 
three experiments, whereas the amounts synthesized in air increased ndth nro- 
longed incubation This indicated that the synthesis in nitrogen had come to a 
s andstill during the first 90 min., and that, with shorter periods of incubation 
the ^fference between the amounts formed in nitrogen and air might be 
smaller. Emdence for this assumption is illustrated in Fig. 7 . ^ 
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Wlien synthesis in nitrogen has come to a standstill, the powder has not lost 
its ability to form acetylcholine. If air was admitted at that moment, i.e. after 
about 90 min., synthesis again set in and proceeded at the same rate as in tie 
control sample. In the experiment shown in Fig. 7, one sample was first kept 
for 2 hr. in nitrogen and then for another 2 hr. in air. The result is given bv the 
continuous hne, starting from the 2 hr. point. 



Fig. 7. SyBtheaifl of acetylcholine by powder of guinea-pig’s brain in eserine-ealine wi^ e^er at 
20° C. in air (continuous line) and in nitrogen (dotted line). Ordinates, ace y c o 
pg./g. Abscissae: time in hours. For details see text. 


In Exps. 4-10, Table 21, the samples were shaken in Dixon-Keilin flasks. 
This allowed the use of an oxygen absorbent (chromous cUoride), wluc was 
put into the bottom taps. The powder and the ether were introduce mto 
main compartment, the eserine-sahne into the side-bulb. Nitrogen was pass 
through the flasks for 3-15 min., when they were closed and 
absorbent admitted. The flasks were shaken in this condition for lf-2 hr. at 

20" 0. to aUow trace, ot oryge". “6“ o ' Ld 

absorbed. No .yolheei. or m.oti™tion ot the porfer presumably occurre 
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ig this iDCubation in ether mthout saline (seep. 391). After the ptelumnary 
jd, the eserine-saline was poured into the main flasks and synthesis allowed 
egin. Control samples were treated in the same way up to the mrstuie with 
ine-sahne, hut aeiohic conditions were then again restored. Although the 
cession of synthesis in the four experiments with dog’s brain powder m 
on-Keilin vessels is greater than in Krebs vessels, powder of the guinea- 
s brain still synthesized large amounts of acetylcholine even in the former. 


Ti-btt. 22. Effect of strong concentratiozis of oa syatiiesii of acctyleliolrQe 


lin powffer 
from 
tog 
tog 

roinea-pig 

Irunea-pig 

iainea-pig 

•amea-pig 





Acetylcholine in pg./g- 

Inhibition 

Concentration 


CtEntrol 

27aCS 

IwXaCK 

of27aCs in 

WwtinTTt 

sample 

sample 

in % 

saline in % 

■ffitE ether 

27 

23-6 

0 

0-29 

Eserme-saline trith ether 

20 

13-2 

9 

0-4 

Eserme-saline Tvith ether 

64 

52 

19 

0-33 

Eserme-saline 

24 

26 

0 

0-02 

Eserine-saline 

24 

22 

S 

0-2 

Eserme-saline plus 

56 

S4 

39 

0-lS 

2 mg. KO/r-e. 
Eserme-saline 

40 

25 

37 

0-2 


Sodium cyanide 


Quastel el al. [1936] had observed inhibition of 66-79% of acetylcholine 
nnation, when 0-06% potassium cyanide had been added to the medium 
cubated with tissue slices of rat’s brain. 

In the present experiments with brain powder, concentrations of KaCK 
sually used for inhibition of tissue respiration had no effect on the synthesis 
f acetylcholine. Ifith much stronger concentrations, slight inhibition was 
bserved, but the effect was not obtained regularly. The results are tabulated 
1 Table 22, TVhen the medium contained ether and saline, the concentration 
iven for KaCK assumes that it is all in the saline. The KaCK was carefully 
leutralized with HCl before it was added to the samples, which were shaken 
It 20= C. for 2 hr. 


Glucose 


Ko effect of added glucose could be observed when the powdered brain was 
created m esenne-saline at 20 or 36 C. with 1 — 3 mg.yc.c. glucose, nor in 
eserine-saline with ether at 20= C., with 1-10 mg. glucose/c.c.^saline.' In one 
experiment, before the incubation in eserine-saline with ether, the powder was 
taken up in saline and centrifuged, the supernatant fluid heiog then replaced 
by eserine-saline. The addition of glucose again had no effect. These negative 
resets with the dried brain powder are in striking contrast to those obrained 
by llann el al. and to the results obtained in the present experiments-with ftesh 
bram material. 
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lodoacetic add 

The irLhibiting effect is shown in Table 23 with samples of dog’s brain powder 
shaken in eserine-sahne with ether for 2 hr. at 18° C. 


Table 23. Effect of lodoacetic acid on synthesis of acetylcholine 


Acetylcholine in /ig./g. Inhibition 

~ * ^ in 

Control sample lodoacetic acid sample % 

24-7 10-9 66 

24-7 2-0 92 

36-0 11-0 69 


Concentration of 
iodoacetio acid in 
saline in % 

0067 

0-17 

0-13 


Discussion 

The results show that synthesis of acetylcholine is not confined to respiring 
fresh brain tissue, but occurs also with dried brain powder. As the oxygen 
uptake of such a powder is not more than a small percentage, at most, of that of 
fresh tissue, it is diffi cult to assume a direct relationship between synthesis and 
tissue respiration. The apparent interdependence of the two in fresh tissue 
incubated in saline, as observed by Mann et al., may be explained differently, 
when the various factors involved in the formation of acetylcholine are 
considered. 

Mann et al. [1938] showed, not only that synthesis occurs in respiring brain 
tissue, but also that the synthesized acetylcholine appears first in an inactive 
form in the tissue, bound to some constituent, and that it is then released mto 
the saline. In the'early stages of their experiments they were not aware that 
tissue particles, such as cell debris, retain their acetylcholine. They were, there- 
fore, led to assume the presence in their suspensions of a ‘precursor substance . 
This interpretation has been contested by Trethewie [1938] and by Stedman 
& Stedman [1939], who pointed out that the precursor substance of the sus- 
pensions was identical with the cell debris. Subsequently, Mann et al. [1939] 
agreed that the bound acetylcholine is in the cell debris, so that there is no 
longer any disagreement on matters of fact. Mann et al. further distinguished 
substances acting directly on the formation of acetylcholine from those acting 
indirectly on the mechanism of its release. The results of the experiments here 
described are in agreement with these conceptions and, in addition, show that 
brain tissue has a tendency to replace, by synthesis, any acetylcholine which is 
released. In this way the tissue retains its acetylcholine store at a constant 
level, though it is apparently unable to increase this level to any appreciable 
extent. The acetylcholine content of the particulate matter of ffesh-ground 
brain, incubated in saline with or without eserine, remains practically un 
changed. The level maintained corresponds to the acetylcholine which can e 
extracted from the fresh brain tissue. This level may decrease under certam 
conditions, as in the presence of ether, which appears to deprive t e t^ue 
acetylcholine of its protection against the tissue cholinesterase (see a er). 
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when synthesis comes to an end, while lelease into the medium continu^; or, 
thirdly" when the tissue has partly or wholly lost its ability to synthesize 
acetylcholine. The last condition ezists in brain tissue which has been frozen 
for some time. A simiiar condition is obsejwed in peripheral nerwes in the early 

stages of degeneration [Feldberg, 1943}. 

The assumption that those elemenm in the tissue in which acetylcholine is 
formed and deposited in a protected form, maintain their store of it at a con- 
stant level, imphes that the release of acetylcholine from it must act as a 
stimulus to renewed synthesis, and that, on the other hand, if synthesis, other- 
wise initiated, tends to increase the store above the nor mal , the excess must be 
automatically released. If the release were inhibited, synthesis would cease too. 
It is therefore not always easy to distinguish clearly between effects promoting 
release from those promoting formation. The dependence of the synthesis in 
fresh brain tissue, suspended in saline, on tissue respiration and body tempera- 
ture. may be mainly due to the effects of these conditions on the release of 
acetykholine. rather than directly on its synthesis. This would explain why, in 
an ether-sahne medium, synthesis occurs also at room temperature and without 
the normal tissue respiration. Such an explanation is not incompatible with the 
fact that increase in temperarnie may accelerate the rate of synthesis, as 
initialiy in saline with ether, under conditions where the release is not the 
limiting factor; nor does it exclude some osadative metabolism as a coudition 
of synthesis. The experiments with brain powder have, in fact, diown that 
synthesis soon comes to a standstill under anaerobic conditions. It is not clear 
whether the initial synthesis in nitrogen was dependent upon traces of oxygen, 
or whether an anaerobic and an aerobic reaction must be disringnished. 

Synthesis of acetylcholine did not take place io the absence of tissue particles, 
but that does not mean intact celis; cell debris apparently retains this property. 
In addition- a water-soluble, heat-stable substance of unknown type was 
necessary for optimal synthesis. It was not glucose ; it may he an intermediate 
required for the synthesis, or a source of energy for the reaction, or a kind of 
co-enzyme. 


With regard to the theory of acetylcholine as transmitter at central synapses, 
its synthesis by tissue of the central nervous system must be viewed in con- 
iuncrion with all the other evidence. It is important to recognize that nervous 
tissue is not the only tissue capable of syutheazing acetylcholine. Human 
placenta, wHch is free from nervous tissue, not only contains large amounts of 
acetylcholine [Chang & Gaddum, 1933] and of cholinesterase [Torda, 19421 
but It ssnthestzes acetylcholine, when ground and incubated in a saline medinnl 
conrauung glucose [^eldberg, 1945]. Viewed in conjunction with the central 
acnom of acetylcholme as well as of eserine, with the presence of a hish con- 
centrauon of a specific cholinesterase [Mendel & Hudnev, 1943], with the con- 
tmuom relem-e of acetylcholine Srom perfused brain and spinal cord and its 



398 


W. FELDBERG 

increased release from the latter during increased activity, the synthesis forms 
an additional and important link in the chain of evidence. There is, at present, 
certainly not sufficient evidence to apply the acetylchoHne theory to all central 
synapses, but it is difficult to discard the theory for the transmission across a 
number of synapses in the central pathway of autonomic and motor neurons. 

Comparison with peripheral nervous system. In comparison with sympathetic 
ganglia and peripheral cholinergic nerves, -brain tissue contains a relatively low 
concentration of acetylcholine [Macintosh, 1941]. A low store, but a great 
ability of replacement, may be characteristic of a tissue' which, like the brain, 
exhibits a continuous release of acetylcholine [Chute, Feldberg & Smyth, 1940]. 
The conception, however, that the release and replacement of acetylcholine in 
peripheral cholinergic nerves occurs on excitation only, and is therefore dis- 
continuous, may be incorrect; the difference may be quantitative only. The 
appearance of large amounts of acetylcholine in the venous effluent from the 
digestive tract, in the presence of eserine, has been attributed to the con- 
tinuous release and synthesis of acetylcholine by the nerve plexus present in 
the wall [Feldberg & Eosenfeld, 1933; Dikshit, 1938]. The cells of this plexus 
have been regarded, indeed, as automatic centres. But there are other indica- 
tions of a continuous, although much smaller release of acetylcholine from 
cholinergic nerves, if we accept the common assumption that the effects of 
eserine and of s imil arly acting substances are due to inhi bition of cholin- 
esterase activity. The effects of eserine, in reducing the heart rate after the vagi 
have been cut, may be explained by an action of the parasympathetic ganglia 
in the heart as weakly automatic centres, causing a continuous release of 
acetylcholine at the nerve endings, but involving amounts so small as to re- 
main subliminal without eserine. An extension of this idea to nerve structures 
not including nerve cells might account for the fascicular twitchings and fibrilla- 
tions produced by eserine in a voluntary muscle, even after recent section of its 
motor nerve. The fascicular twitchings may be due to the release of acetyl- 
choline caused by random impulses passing down the fibres of the divided 
nerve [Bacq & Brown, 1937]. For the fibrillary twitchings a different explana- 
tion seems to be required. We may picture a more or less continuous release of 
acetylcholine from the motor nerve endings of the ‘resting nerve’, so slight as 
to be eliminated efficiently by the cholinesterase, imtil the action of this is 
inhibited by eserine. This explanation would account for the regularity with 
which the fibrillary twitchings are produced by eserine. Nerve fibres lose their 
abffity to synthesize acetylcholine from 48 to 72 hr. after section, at a time 
when the conduction of impulses along them is still intact [Macintosh, 1938], 
within the first 24 hr. synthesis of acetylcholine is unimpaired [Feldberg, 1943]. 

It is therefore in accordance with the above suggestion that eserine causes 
fascicular twitching and fibrillation, when injected about 24 hr. after nerve 
section, but not when injected after 48 hr. or later [Kato & Langley, 1914]. 
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Calciiim lias an antagonistic effect on tie tmtciings and fibrillations pro- 
duced by eserine [Kato & Langley. 1914: Loewi. 1922], Tbis could be e^lamed 
if it were assumed that calcium inhibits tie continuous release and synthesis 
of acetylcholine at, the motor nerve endings, on the analogy of its demonstrated 
action on brain tissue both fresh and dried. Such quantitative differences as 
can be observed between the tissues of the central and peripheral nervous 
systems with regard to the spontaneous release and synthesis of acetylcholine, 
mav, indeed, find their explanation in differences in ionic equilibria. Similar 
conceptions have been applied to the electrical activity of the nervous system. 
For instance, when the diffusible calcium content of the tissue fiuid is low, a 
peripheral nerve may exhibit spontaneous activity [Brink ifc Bronk. 1937], 
which has been compared with the spontaneous activity of the central nervous 
svstem. According to Arvanitaki [1939], the function of peripheral nerves is 
essentially an oscillatory one which, under normal conditions, - is highly 
damped. 

Glucose. The following facts suggest that the accelerating action of glucose is 
on the synthesis proper and not on the release: (1) a sympathetic ganglion 
perfused without glucose is unable to restore the acetylcholine released firom 
the tissue on preganglionic stimulation [Kahlson A llaclntosh, 1939] ; (2) potas- 
sium, which is thought to release acetylcholine, is unable to exert a strong and 
continued action on the formation of acetylcholine by tissue slices, 
glucose has also been added to the saline medium [Mann et al. 1939]; and 
(3) as the accelerating action of ether on the formation of acetylcholine is also 
apparently on the release of acetylcholine, the fact that glucose accelerates 
synthesis by fresh tissue in an ether-saline medium is also in favour of tbiq 
assumption. 

Against these points of favourable evidence must be placed the fact that 
glucose does not accelerate synthesis of acetylcholine by brain powder, either 
in saline or in ether-saline. Unlike respiring fresh brain, however, with its 
other large metabolic demands, the dried powder may need onlv minute 
amounts of glucose for the synthesis, and it may not be possible to reduce the 
glucose content in this system below the effective level, without similarly 
affecting other substances also necessary for the synthesis, but not replaceable 
by glucose. 


The inhibiting effect of excess of glucose may well be on the release of 
acetylcholine, affecting the synthesis only indirectlv. The absence of this effect 
m ether-saline could thus be explained. It is unlikely that glucose would be 
able to counteract efficiently the readier release brought about bv the linid 
solvent action of ethef. Mann ei al. [1939] have shown that the optimal cL 
centration of glucose for synthesis of acetylcholine by fresh brain tissue is well 
below that of normal blood ; at the concentration characteristic of normal blood 
glucose IS already inhibitory in action. If we may apply results obtained 
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saline suspensions to the .conditions in vivo, we may suppose that the blood 
glucose would normally exert a similar restraining effect on the continuous 
release or synthesis of acetylcholine in the central nervous system. We know, 
from the central actions of artificially apphed acetylcholine, and of eseripe, 
that accumulation of acetylcholine in the motor cortex [ Mill er, Stavraky & 
Woonton, 1940] or in the spinal cord [Biilbring & Bum, 1941] causes a dis- 
charge from the motor neurons. Th,e supposition is, therefore, not entirely un- 
founded, that when the glucose ‘brake’ is removed and the synthesis and 
release of acetylcholine allowed to proceed at an abnormal rate, increased 
motor activity may be expected. The convulsions associated with the lowering 
of the blood glucose by insulin might find an explanation on these hues. 
Previous attempts have failed to correlate these convulsions with acetylcholine. 
There was no change in the acetylcholine content of the brain [Macintosh, 
1939] or in the synthetic activity of the minced brain [Maim ei al. 1939] from 
an animal which had died in insnlin convulsions ; and no changes of this kind 
would, in fact, be expected in the light of the above suggestions concerning the 
effects of glucose, at different concentrations, on the synthesis and the release 
of acetylcholine from the brain cells. 

An inhibiting action of glucose on the release of acetylcholine was apparently 
observed, but disregarded, by Solandt and myself [1942] when analysing the 
stimulating action of glucose on an intestine preparation. Contrary to our 
expectations, perfusates obtained from the rabbit’s intestine did not contain 
more but less acetylcholine when the perfusion fluid contained 0-1% glucose. 
The combined acetylcholine output in three perfusions was over 30 % greater 
without glucose than in corresponding experiments with glucose in this con- 
centration. The result was not followed up on account of the great individual 
variations. It is tempting also to correlate the ‘ hunger contractions , associated 
with a lowering of blood glucose, with a removal of the ‘ brake on the release 
of acetylcholine in the stomach wall. 

Ether. If we assume that the tissue acetylcholine is bound to some cell 
constituent, the Hpids may be necessary for protecting the complex against the 
tissue cholinesterase. In dissolving the tissue hpids, the ether would remove 
this protection, and the acetylcholine held in the tissue would consequently 
diminish and finally disappear. This was the effect of ether on a suspension of 
brain tissue, ground and incubated with ether but without eserine. 

, The accelerating action of ether on the synthesis of acetylcholine hM been 
explained by Mann et al. as being analogous to that of potassium. Their main 
evidence was based on the finding that ether diminished the acetylcholine hel 
in the tissue. The experiments with brain powder have given a different result. 
When kept in eserine-saline without ether, the powder was imable to build up 
a store of tissue acetylcholine, but it acquired this property in the presence o 
ether. This observation, however, is not contradictory to the assumption t a 



401 


acetylcholine synthesis in .C.N.S. 

ether in the presence of eserine may also facilitate the" release of acetylcholine, 
and that this may be even its most important action in the system containing 
fresh tissue. In the system made from the dried powder, however, where re- 
lease &om the particles in the absence of ether is already in excess of synthesis, 
so that no accnmnlation in the particles occurs, the direct promotion of syn- 
thesis by ether becomes clear; in its presence the particles also acquire a store 
of acetylcholine. Certain effects of ether, here described, must remain subjects 
for further experiment, rather than for discussion at the present stage. 

Sumhahy 

1. Some acetylcholine is released and replaced by synthesis in &esh brain 
during grinding. These processes continue in a suspension of the brain material 
in eserine-saline at 36° C., so that acetylcholine increases in the system while 
the quantity in the tissue particles remains practically constant. 

2. Dried and powdered brain substance, suspended in saline, is still capable 
of synthesis of acetylcholine. If eserine is present, acetylchohne accumulates 
in this system also. 

3. The effects of ether, on the synthesis of acetylcholine in saline suspen- 
sions of fresh and dried brain substance, are described. 

4. In a system composed of dried brain, saline, eserine and ether, synthesis 
of acetylcholine at room temperature is greater than under any other condi- 
tions so far observed. 

5. The effects of temperature, oxygen, glucose, cyanide, iodoacetic acid, 
K+ and Ca++ on the synthesis of acetylcholine in some or all of these artificial 
systems containing brain tissue are described and discussed. The inhibitory 
effect of glucose at its normal concentration in the blood is discussed in relation 
to the effects of hypoglycaemia. 

I wish to make grateful ackuowledgement to Dr H. Laser for his help with the experiments 
under anaerohio conditions, and to Mr C. iL Casey for his constant help in the assay of acetyl- 
choline; also to Sir Henry Dale and Dr K. Edkins for assistance in the presentation and discussion 
of the results. . 
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excitability changes at the neuro-muscular 

JUNCTION DURING TETANY 
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A great part of the muscular activity during tetany is known to he of peripheral 
origin, hut it is not yet clear how the components of the neuio-musculai system 
are affected in that condition. The main object of the present investigation 
was, therefore, to distinguish between the activity of the nerve endings, end- 
plates and muscle fibres during tetany. 

Tetany has been induced either by removal of the parathyroid glands or by 
reduction of the ionized calcium in the tissues of cat and frog preparations 
with intact circulation. Symptoms produced by these two methods show a 
remarkable similarity. The tetany-hke condition due to calcium lack can be- 
quickly and conveniently obtained. Furthermore, the effect of calcium reduc- 
tion on the neuro-muscular junction has already been studied in detail in 
isolated frog’s muscle. There, the calcium content in the surrounding tissue 
can be estimated accurately, and the experiments on the single nerve-muscle 
fibre preparation yield information more easily about the state of the muscle 
membrane [Kuffler, 1944]. These findings, if correlated with the present experi- 
mental results in animals with intact circulation, give a fairly satisfactory 
explanation of the activity at the nerve-muscle junction during tetany. 

Some evidence has also been obtained of activity originating at the central 
synapses, but these are not at present accessible to direct investigation, and, 
therefore, the scope of the papp has been limited to the peripheral component, 
the neuro-muscular junction. 

Methods 


The experiments were performed on cats and frogs, and nerve-muscle preparations with intact 
circulation were used. The parathyroids, together with thyroids, were aseptically removed in 
eleven cats, and, in addition, as much as possible of the accessory parathyroid tissue in the neck 
region and that attached to the thymus was taken out. At the same time, the sciatio nerve was ' 
cut on one side in nine of the cats. For electric recording the catk were set up in a warm moist 
chamber kept at 3 < C., aa described by Eceles * O’Connor [1939]. Most of the observations 
were made on the hind lega. 

experiments.. There ate nsually two 
a ““iT eide about 0-5 mm. in diameter. Theya^ not attached to the thyroid 
glands, and can be removed with the aid of a binocnlar dissecting microscope, as describyby 
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Waggener [Z930]. Their positioa varies greatly, and they are ftequently found near to the ventral 
branchial body (ventraler Kiemenreat), or occasionally farther cranially in the vicinity ot the 
vena jugulam estema. In many preparations they could not be located at all, mainly on acconnt 
of acoumulatiou of fatty tissue in the neck and precordial region. Slight bleeding during the first 
stages of the operation also makes the successful location of the parathyroids very difficult or 
impossible. In three cases histological examination showed that the tissue removed contained, 
the parathyrroid glands. Sepsis was alight or absent, and, when tetany did not occur, the animah 
lived for many weeks afterwards. Light ether anaesthetic was found most convenient, and the 
firoga recovered after the operation in 10-30 min. On account of their small size, not more than 
I'O 0 , 0 . of blood could be obtained from the heart of the frogs at the end of the eiperhnent!, 
therefore only a few blood-calcium estimations could be made. 


Kesults 


Tetany in cats 

In. the eleven cats from which the thyroids and parathyroids were removed 
very varied symptoms developed after 20-30 hr. Kve cats (1, 2, 6, 7, 8, 
Table 1) showed twitchings all over the body, with periodic tonic and clonic 
contractions which became very pronounced when the animal tried to walk. 
The cats sometimes had difficulty in breathing, became unable to stand up, 
and showed a aeries of symptoms similar to those previously described ior cats 
and other animals [Thomson & CoUip, 1932; West, 1936; Greenberg, Boelter 
& Knopf, 1942]. Three of the cats showing severe symptoms died,. presumably 
during an attack at night time, before electric recordings were done. Four oats 
(6, 9, 10, 11, Table 1) were leas affected, showing occasional twitchings, 
tremblings and shivering after exertion, repeated shaking of the paws and of 


Table 1. Symptoma in cats after removal of thyroide and parathyrroidfl 


Cat 

no. 

1 

2 

3 

4 
6 
6 


Spontaneous macroscopical 

symptoms ou day of eiperi- Symptoms during anaesthesia. Muscles exposed 

meut or death ' ' 

, ^ , Nembutal Ether 

Severity , ^ , / ; — 

Days after of Fibril- Faseiou- Fibril- Fasfficu- . 

operation tetany lation lation lation lation Decexebration 


3 ++++++ 

(Died 2 days after + + + - 

operation) 

7 No - 

symptoms 
7 No 

symptoms 

(Died 7 days after -f -t- -H - 
operation) 

1 -f -4 - 


+ -t -)- 


.j. + Fibrillation 

tonic-clonic 
contractions 


Serum- 

calcium 

mg./o.c. 

4-7 


5-0 


60 


7 

(Died 7 days after 
operation) 

+ + + 

S 

4 

+ + + 

9 

4 ' 

+ + 

10 

9 

-h * 

11 

9 

+ + 


-I- -r + 
■e -b -t- 


+ + Fibrillation 

tom'c-olonio 
contractions 
+ Do. 


4-6 

50 


4-5 

3-6 
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the head. Two cats (3 and 4) showed no signs of abnormaUty. In aU the nine 
animals in which the sciatic nerve was cut during the operation, no macro- 
scopically visible spontaneous activity developed in the muscles of the 
denervated limbs. Eight of th^e cats showed spontaneous activity in the 
other muscles whose nerves were intact. 

During the final experimental recordings in two cats (1 and 11) which were 
anaesthetized with nembutal, it was found that the macroscopically visible 
sicms of tetany disappeared. Ho spontaneous activity was observed through 
the skin. When, however, the muscles were exposed, close observation showed 
continuous fibrillation and iutermittent small twitches in most muscle groups 
of the legs. The fibrillary discharges were also recorded electrically. They per- 
sisted undiminished after cutting the nerves leading to the muscles under 
observation. The activity was due to single muscle fibre discharges. This could 
be established from the small size of the impulses, from the asynchronous 
activity of the different units and also from comparison with denervated 
fibriffating muscles. In normal cats spontaneous fibrillation was never ob- 
served under nembutal anaesthesia. 

The term ‘fibrillation’ is used to describe the activity of individual muscle 
fibres, while ‘fasciculation’ is used for synchronous discharges of small groups 
of muscles fibres (small twitches), presumably set' up by nerve impulses [cf. 
Denny-Brown & Pennybacker, 1938]. 

The other animals were anaesthetized with ether which also abolished the 
spontaneous and macroscopically visible activity during tetany. When the skin 
was opened and the muscles inspected, fibrillation and occasional fasciculation 
were still observed. During the decerebration which followed in three cats, 
abnormal bleeding seemed to occur, attributable, presumably, to the calcium 
lack. This was successfully checked by application of thrombin to the brain 


stem. The coarse muscle activity returned 29-30 min. after decerebration. 
Large twitchings and sometimes tonic-clonic contractions could be seen 
especially in the tibialis muscles (cats 6, 9, 10, Table 1). Such activity was 
usually enhanced by handling the muscles, or after indirect stimulation 
through the nerves. It did not persist continuously, but alternated with com- 
paratively quiet periods during which only occasional twitches were observed 
on a background of almost continuous fibrillation. All three types of activity 
t\ritchings, tonic-clonic contractions and fibrillation were sometimes seen 
simultaneously in different muscles of the same limb. In these preparations 
as m the two Nembutal experiments, fibriUation persisted after severing of the 
nerves or blocking them with cocaine, and, as a rule, occasional twitchings 
were also seen However, 4-6 days after denervation no twitchings, only 
fibrillation, could be detected in the exposed muscles. ^ 

It is, therefore, clear that fibrillation occurs durinv tetanv HTut eU'c i-: 
pe.ist ^ 0 . the a.tee-eZ^gr^SL^thXS 
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It also seems that fibriUation is the most readily produced symptom for, in the 
two parathyroidectomized animals which apparently showed no signs of tetany 
(cats 3 and 4), fibriUation was observed when the muscles were exposed seven 
days after the operation. 

Blood serum calcium. In seven cats with symptoms of tetany the serum- 
calcium was determined. In six (Table 1) it was between 4'6 and 6‘0mg./100c.c. 
and in one it was 3-5 mg./^lOO c.c. Normal controls showed 9-10 mg./lOO c.c. 
Cat 4 had only the slightest signs of tetany, and cat 11, with the lowest 
serum-calcium, did not develop severe symptoms. This confirms munerous 
other findings that a low blood-calcium value does not necessarUy result in a 
condition of severe and active tetany. It is probably the lowering of the 
ionized fraction of the calcium in the blood which is important in causing the 
nervous symptoms in tetany (cf. later). 


Tetany in frogs 

Tetany in frogs was induced by (i) renioval of the 'parathyroids, (ii) injection 
of small quantities of sodium citrate. Waggener [1930] showed that tetany 
occurs in frogs after parathyroidectomy, and that the animals die in approxi- 
mately 3 days. Such severe tetany was not observed in the present experi- 
ments, presumably on accoimt of incomplete removal of all the parathyroid 
tissue. Oidy one frog died after severe S 3 mptoms of tetany. The other frogs 
did not develop spontaneous nervous activity visible to the naked eye, such 
as twitchings or clonic contractions. Most of them, however, showed a very 
great excitabUity when approached and seemed to be ‘nervous’ as compared 
with the normal control animals. 

It was at first thought that the muscles of the frogs could be isolated and 
placed immediately afterwards into liquid paraffin in which electric recording 
could be done without imdue drying of the muscles. Soaking in the usual 
normal saline solution would thus be avoided. This, howeVer, was not practic- 
able, because even normal muscles, if placed into paraffin immediately after 
dissection, develop neuro-muscular block, and then become inexcitable even 
to direct stimulation. This is probably the phenomenon shown by Duliere 
& Horton [1929] to be due to potassium leakage from the muscle fibres. The 
excitability of such isolated muscles from normal or tetany-frogs is restored 
after bathing the preparation in Ringer’s solution for several minutes. 

All electric recordings have therefore been made from muscles with intact 
circulation in frogs under ether anaesthesia. The animal was pinned down on 
a cork-board, the sartorius exposed and 3—4 mm. of its nerve freed for indirect 
stimulation. Recording electrodes could then be placed on any point of the 
muscle. To avoid drying, the skin was pulled over the exposed muscles between 
observations. 
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Yis. la shows a typical response of such a preparation after intoect stimula- 
tion through the nerve. The large spike action potential (40-60 mV.), as usually 
recorded from the sartorius, is followed by a great number of smaUer responses. 
In a fresh preparation which has not beep frequently stimulated such (to- 
charges may continue for several seconds. Continued stimulation eventually 
abolishes the repetitive discharges, and a partial neuro-muscular block de- 
velops. The long lastiog discharges (Fig. lb) are shown to be composed of 
single muscle fibre responses by their size, by the regular frequency of the 
units and especially by comparison with impulses which are set up by acetyl- 
choline application, when the nerve endings do not discharge [Kuffler, 1943]. 
lYhen both recording electrodes are placed in close proximity to the pelvic, 
nerve-free, end of the sartorius it can be observed, from the polarity of the 



Fig. 1. Action potentials recorded from a circulated preparation of frog’s sartorius under ether 
anaesthesia, (o) Betponae after nerve stimulation shows the large muscle action potential 
followed by smaller dischargea. (6) Several seconds later single muscle fibre responses are 
still observed. Note the different amplification in a and b (see text). 

action potentials, that the impulsea originate in the innervated portion of the 
sartorius. Stretching or touching the muscle also sets up frequent bursts of 
single fibre responses, starting at the innervated muscle regions. 

Thus, it seems clear that the endplate regions in such parathyroidectomized 
frogs are abnormally sensitive to the stimulating action of nerve impulses, and 
also to mechanical stimulation such as stretch and touch. 

In most frogs which had their parathyroids removed, but showed no visible 
symptoms, tetany could be easily precipitated by doses of sodium citrate 
which were too small to have a detectable effect on normal animals (cf. later) 
An injection of 0-2-b-4 c.c. of 2-5% sodium citrate was made into the dorsal 
lymph-sac of the animals. Tetany of varying intensity developed in 5-10 min. 
and, for several hours after the injection, sporadic twitchings could be ob- 
served, specially in the extremities. Some frogs returned to normal after- 
wards. but others showed intermittent attacks for as long as 18-20 davs 
These attacks developed sometimes without apparent provocation, and con- 
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-uscle.groups. Tonic contraotiona 
But iwT tad evident difficulty in breathing, 

renewefbv^ r' disappeared altogether, they could be easily 

these mac^ sodium citrate. Ether always abolished 

immediately as the frog recovered from the anaesthetic. 

^ removal of the parathyroids, one of the sciatic nerves was cut 
crushed m fifteen frogs, and the development of tetany in such a denervated 
oo^ <^0“ipared with the normal one. Two of these frogs were kept for 18 
and 20 days and showed signs of tetany as described above. In addition to 
rvation through the skin, the muscles were frequently exposed and 
rve ^ m er a binocular diasecting microscope, and the skin was closed 
g m wit out causing sepsis or other great damage. This was repeated as 
requent y as 10 times, and such close observations of the exposed denervated 
imb muscles could be perfbrmed without anaesthetizing the frog. All the 
activity in muscles with their central connexion severed must have been of 
penp eral origin, arising at nerve endings, endplates or the rest of the 
muscle fibres. The latter seems .unlikely as all the repetitive discharges after 
nerve stimulation, or stretching and touching came from the innervated portion 
of the sartorius (cf. above). It is at times very difficult to distinguish by ob- 
servation through the microscope between activity set up by discharge of 
nerve fibres or of single muscle fibres. However, after frequent observation of 
fibrillary activity in denervated muscles or of the single fibre discharges set up 
by drug application [Huffier, 1943] and also after immersion in calcium-fi:ee 
Ringers solution [Huffier, 1944], fibrillation could be distinguished from 
fasciculation with reasonable certainty. For approximately 24 hr. after nerve 
section, spontaneous fascicidation (sudden contractions of small groups of 
muscle fibres) could be observed in frogs with general symptoms of tetany. 
The activity, however, was much weaker, and the discharges were less frequent 
than in the opposite leg with intact innervation. Together with the inter- 
mittent fasciculation, a more continuous and persistent fibrillation could be 
seen in most denervated leg muscles. After 24 hr. no spontaneous activity was 
observed (the frogs were of course not watched continuously), but fibrilla- 
tion, lasting for several seconds, could easily be produced in such muscles by 
active movement or by electric stimulation. In two preparations, in which 
indirect excitability through the nerve ceased 8 and 12 days after denervation, 
strong fibrillation lasting for 2-3 min. could still be induced by electric stimula- 
tion or by touching the muscle with electrodes or a small rod. The muscles of 
the other extremity, which had not been denervated, responded to nerve 
stimulation with repetitive responses as seen in Fig. 1. 
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It tlius appears that, in a muscle widch does not receive impulses from the 
central nervous system, two types of spontaneous response can be set up under 
conditions of tetany, (i) fibrillary activity, (ii) fascicular activity due to dis- 
charges of single nerve fibres or groups of fibres. This latter activity ceases long 
before the nerve has fully degenerated. It is also much less persistent, and is 
never observed without fibrillation going on at the same time. ^ 

Tetany can also be induced by injection of sodium citrate alone into normal, 
unoperated frogs. In ten frogs such tetany was produced. The best method 
was injection of small quantities (0-2-0*4c.c. of 2-6% sodium citrate twice 
daily for several days) into the dorsal lymph-sac. Larger quantities frequently 
paralysed and lolled the animals within 10 min. Once tetany developed, it 
could not be differentiated macroscopically or electrically from the condition 
after removal of the parathyroids. The frogs, however, recovered completely 
from this type of tetany within 1-2 days. The difference between the latter and 
parathyroidectomized frogs therefore was (i) a much greater amount of sodium 
citrate was required to induce active spontaneous tetany, (ii) the symptoms of 
tetany disappeared more quickly (1-2 days as compared with as long as 
20 days). 

Discussion 


Experimental tetany has been produced frequently in many types of warm 
blooded animals [for an extensive review see Thomson & CoUip, 1932], It is 
generally agreed that the symptoms are to a great extent of peripheral origin, 
and some investigators also found evidence for a central component [Eaton, 
Eiudlay & Watson, 1917 ; Greenberg et al. 1942]. 

The present experiments demonstrate the important role played by the 
endplate region during two types of tetany, after removal of the parathyroid 
glands, which is followed by a di m inution of serum-calcium and after reduction 
of the ionized calcium in the blood-stream by sodium citrate. In frogs, the 
course of tetany affecting the peripheral component alone can best be observed 
in muscles deprived of their central connexions. Under such conditions 
spontaneous activity arose at the innervated part of the muscle. At times it 
was entirely due to single muscle fibre discharges from the endplate region 
without accompanying nerve impulses, but, generaUy, larger groups of muscle 
fibres also showed activity, presumably fired off by nerve impulses The 
endplate seems to be in a state of raised excitability even when no spontaneous 
activity can be observed. A nerve volley sets up discharges for several seconds 
from the endplate regions. The potentials immediately (for 60-70 msec 1 
foUoivmg the mam spike (Fig. 1 a) are due to groups of muscle fibres, proTablh 
discharged by repetitive nerve impulses. The smaU potentials recorded for 
some seconds after a nerve volley (Fig. Ih) cannot, however, be ,et up by nerve 
mpi^es, smce they are smgle muscle fibre responses. The discharges are not 
due to a greater production or persistence of the “transmitter” Ifter nerve 
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stimulation, as they arise also after stretching of the muscle, or after direct 
stimulation of the pelvic, nerve-free, end of the sartorius, when no nerve im- 
pulses are set up. Moreover, slight touch or pressure with a glass rod, which is 
normally ineffective, sets up such a train of impulses. This is in good agreement 
with findings on the isolated sartorius and in single nerve-muscle fibre prepara- 
tions in which the effect of calcium reduction could be studied in detail 
[Kuffier, 1944]. There, calcium lack affected the endplates before the other 
structures, and direct evidence showed that spontaneous activity never re- 
sulted at the nerve-free parts of muscle fibres. 

Thus, by injection of sodium citrate into the circulation, or by reducing the 
calcium in the fluid bath in isolated muscles, a set of symptoms can be pro- 
duced which, with the present methods of investigation, seem indistinguishable 
from those appearing after total or partial removal of the parathyroid glands. 

In cats, the coarse activity of muscles is accompanied by nerve discharges, 
since, during tetany, impulses can be recorded from the ventral roots [Harvey, 
1944]. The similarity of the general fimdings in cats and frogs is very strikmg, 
and it is suggestive that the spontaneous fibrillation in both, not in frogs only, 
originates at the endplates and not anywhere along the muscle fibres. 

A general lowering of the threshold of ezcitation at aU or numerous jxmc- 
tional regions, including central synapses, could be expected to produce a 
picture similar to that of tetany. Not only would the peripheral junctions 
receive more discharges from the central regions, but they would respond 
repetitively to each impulse. It would seem that in tetany the spontaneous 
discharges start mainly at the synapses and, secondarily, at nerve endings. 
This is the case at the neuro-muscular junction, where fibrillation may persist 
continuously, while fasciculation appears only intermittently in muscles with 
their central coimexions cut. 

SUMMABY 

1. Experimental tetany has been produced in cats, by removal of the 
thyroid and parathyroid glands, and in frogs, by removal of the parathyroids 
only and also by reduction of the ionized calcium in the bloodstream. The effect 
of tetany on the neuro-muscular system has been studied in detail. 

2. The symptoms of tetany show, ip both types of animals, a great range of 
severity related, presumably, to the completeness of removal of the parathyroid 
tissue. 

3. In muscles with their nerves cut, two types of spontaneous activity can 
be observed: (a) fibrillation, due to single muscle fibre discharges originating 
at the endplate regions; (b) synchronous contractions due to simultaneous 
discharges of groups of muscle fibres, presumably set up by discharges at the 
nerve endings. 

4. The endplate region is in a state of hyperexcitahility, even w en 
spontaneous activity of the muscles is absent. A nerve volley arriving at t e 
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nerve-rauscle jimction sets up at this point discharges lasting up to 3—4 sec. 
This long lasting part of the activity is not accompanied by nerve impulses. 
Stretch of the muscles, or slight pressure, initiates a similar activity. 

5. The blood-calcium content of seven operated cats was reduced to about 
half normal. The severity of symptoms was not directly related to the degree 
of blood-calcium reduction. 

6. It is suggested that the symptoms of tetany are a result of lowering of 
the threshold at synapses and endplates. 

I ■wish, to thank Dr A. iL Harvey for mnch advice and also Mr E. H. Lyons for his help in 
determining the Bemm-calcinm in the animals. 
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EFFECT OF THE INITIAL LEVEL OF THE 
BLOOD PRESSURE UPON THE RESPONSE OF 
THE HUMAN SUBJECT TO BLOOD PRESSURE 
RAISING REFLEXES 

By M. B. BRUCE, R. T. MARTIN and F. H. SMIRK 
From the Department of Medicine, University of Otago, New Zealand 

[Received 23 May 1944) 

In studies concerning the functional pathology of arterial hypertension, 
observations are often quoted in which the effects of procedures which raise 
or lower the blood pressure are compared in hypertensive patients and healthy 
controls. Where the magnitude of the induced change in blood pressure differs 
in the two groups, there remains usually some doubt whether the difference 
is due to a fundamental alteration of the reaction of the blood vessels in 
the hypertensive patients or, alternatively, is merely the result of a higher 
initial level of the blood pressure. Thus, we find the suggestion made that, m 
essential hypertension, the increased response to the cold pressor test of Bines 
& Brown [1932] is the result of the high initial level of the blood pressure and 
not of any inherent change in the reactions of the blood vessels or of the ner- 
vous system which has been brought about by a pathological process. It is 
of some interest in this connexion that the pressor effects of drugs depend to 
some extent upon the initial state of the blood vessels. Thus, in animal experi- 
ments, rises of blood pressure caused by adrenaline are commonly less when the 
initial blood pressure is high. 

It was decided, therefore, to study in normal subjects the effects of changes 
induced in the level of the blood pressure upon the magnitude of the response 
to a pressor refiex. 

Methods 

Blood pressures were measured with a mercury sphygmomanometer and by 
the methods recommended in the joint report of the committees appointed by 
the Cardiac Society of Great Britain and Ireland and the American Heart 
Association [1939]. Two pressor reflexes were employed: the cold pressor test 
of Hmes & Brown [1932] and the pressor reflex from muscle described by 
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Akm [1937]. Tlie cold pressor test is performed by arresting tbe 

ciccxdation tbrongb.an arm by means of an inflated sphygmomanometer cuff 
round tbe upper arm. During tbe period of circulatory arrest tbe band and 
mist of tbe iscbaemic arm are plunged into tvater at 4° C. Tbis leads reflexly 
to an increase of tbe general blood pressure trbicb may be measured in tbe 
opposite arm, trbere tbe circulation is ftee. "Wben repeated under standard 
conditions sucb increases of tbe blood pressure are usually of similar 
magnitude. 

Tbe pressor reflex from muscle is ebcited by arresting tbe circulation tbrougb 
an arm or leg by means of an inflated sphygmomanometer cuff round tbe upper 
arm or tbigb. Exercise of tbe iscbaemic forearm or calf muscles is then carried 
out, by opening and closing tbe bands or by raising and lorvering a rreigbt 
rrbicb rests on tbe knee, tbe subject being seated. Tbe metabobtes formed 
during tbis exercise accumulate in tbe iscbaemic muscles and lead, reflexly, to 
an increase in tbe general blood pressure vrbicb persists so long as tbe cu- 
cnlation in tbe limb remains arrested. IVben tbe circulation is restored, so 
that tbe accumulated metabobtes are dispersed, tbe blood pressure falls back 
to normal. Eepetitions of tbe reflex, with a standard exercise of tbe limb, 
produce similar increases of tbe blood pressure. 

Tbe response of each subject to tbe cold pressor test rvas determined, first 
nitb tbe initial blood pressure at its usual level and secondly after tbe blood 
pressure bad been elevated by administration of adrenaline or epbedriue. 
Adrenaline vas given subcutaneously in doses of from 0-3 to 1-9 mg., tbe dose 
being judged by a preliminary experiment and in each case being sufficient to 
produce a definite rise in the blood pressure. The epbedrine, in ab cases, was 
used in a dose of 33 mg. Another method was to raise tbe initial blood pressure 
by one of tbe above mentioned pressor reflexes, and then, while tbe pressure 
was thus maintained reflexly at a bigb level, to determine tbe response to a 
further appbcation of tbe cold pressor test. In afew experiments tbe magnitude 
of tbe response to tbe pressor reflex from one group of muscles (say the forearm 
muscles) was tested before and after the blood pressure was elevated by ebcitin<T 
tbe reflex from another group of muscles (say the calf muscles). 


Eesults 

Effect of a rise of Mood pressure induced by adrenaline or 
epbedrine upon the response to the cold pressor test 

It will be ob5er%-ed in Pigs. 1 and 2 that increases in tbe systoUc and diastobc 

experiments where 

the blood pressure has alretffiy been raised by adrenaline or epbedrine than 
m the experiments where tbe cold pressor test was appfied with tbe blood 
pressure at its normal level. ^ 
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Fig. 1. The effect of the cold pressor test on the blood pressure of the nonasl human aubject: 
(o) when the initial blood pressure is at a normal resting level; (i) when the initial blood 
pressure is raised by adrenaline subcutaneously. Crosses indicate rises of systolic pressure* 
Girolea indicate risoa of diastolic pressure. 



Exp.no. 1 2 3 4 5 6 7 8 9 10 M 12 


Fig. 2s The effect of the cold pressor test on the blood pressure of the normal human subject: 
(a) when the initial blood pressure is at a normal level; (b) when the initial blood pressure is 
raised by ephedriue subcutaneously. Crosses indicate rises of systoho pressure. Circles 
indicate rises of diastolic pressure. 

Effect of a rise of blood pressure induced rejlexly upon 
the respo)ise to the cold pressor test 

It \vill be observed from Fig. 3 that in nine out of ten instances tlie pressor 
response, obtained when the initial blood pressure had previously been raised 
by the pressor reflex from muscle, was appreciably less than in the experi- 
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1 IoitM The rise in olooci 

ments wkere the hlood pressuie the foteatm muscles was 

e:;=s";:ii^'SSx=:;"= 

iXi.“2 rtr.:sr. ...» j 

the two reflexes acting separately. 



Vi. 3 The effect o£ the cold pteswr test on the blood pressure of the no^ hur^ subject. 
(al Xe?the blood pressure is at a normal resting level; (6) ^rhen the;^ blood pressures 
ilTby a reflev lom ischaemic muscle. Crosses indicate nses of systolio blood pressure. 
Circles indicate rises of diastolic blood pressure. 


Discussion 

It has been shown in a series of normal subjects that.the response to the cold 
pressor test of Hines & Brown (elicited from an arm) is lessened in those experi- 
ments where the blood pressure is first raised by adrenaline or by ephedrine or 
by means of the pressor reflex &om muscle. Such results are in accord with 
pharmacological experiments which show that substances raising the blood 
pressure usually act more powerfully when the blood pressure is low than when 
it is high. These observations would lead one to expect, in general,' that the 
response to pressor stimuli should be less when the blood pressure is high than 
when it is low. 

It has been shown by Hines & Brown, however, that the rises of blood 
pressure from the cold pressor test are, in general, greater in essential hyper- 
tension than in health. Similar observations were made by Alam & Smirk 
usiug the cold pressor test and also the pressor reflex from voluntary muscle. 
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The responses to both types of pressor reflex, however, were no greater in 
cases of renal hypertension than in normal individuals and probably were less. 

It is evident that in certain instances, where the level of blood pressure lias 
been raised experimentally, the response to the cold pressor test is reduced 
during the period of blood pressure elevation. It does not appear justifiable, 
therefore, to attribute the large blood pressure rises, obtained by the cold 
pressor test in cases of essential hypertension, to the effect of the high initial 
level of the blood pressure. The experiments are indeed rather in favour of the 
conclusion that the initial high level of the blood pressure, as such, would 
tend to decrease the response to pressor reflexes. 

Summary 

1. The response to the cold pressor reflex in normal human subjects has 
been measured; 

(a) When the blood pressure is at a normal resting level. 

(b) When the blood pressure is maintained at an elevated level by means of 
(1) adrenaline, (2) ephedrine, or (3) by a reflex from ischaemic muscle. 

2. In healthy subjects the response to pressor reflexes appears to decrease 
as the initial level of the blood pressure is artificially raised. 

3. The observations lend no support to the idea that, in essential hyper- 
tension, the enhanced reactivity of the blood pressure to pressor reflexes is due 
merely to the higher initial level of the blood pressure. 

4. Instances are cited in which the sum of the separate responses of au 
individual to two blood pressure raising stimuli, apphed at different times, was 
foxmd to be greater than the response to the same two stimuli, applied simul 
taneously. 
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respiration and cardiac output in the 

ISOLATED HEART-LUNG-HEAD PREPARATION 
IN THE .RAT' 

By E. W. H. CRUICKSHAIIE:, From the Department of 
Physiology, Harischal College, Aberdeen 

(Received 24 June 1944) 

TVo of the major circulatory problems in the mammahan organism, at rest 
and during muscular exercise, are first the mec hani sm rvhereby the blood is 
returned from the periphery to the right side of the heart and secondly the 
means rrhereby peripheral resistance maintams a sufficient arterial blood 
pressure to prevent anoxia of heart muscle. In vievr of the normally rapid 
rate of the heart of the rat, about 400 beats/min., it -was thought vrorth -while 
to determine -whether, in such a rapidly beating organ, the factors deter m i n i n g 
auricular infio-w and ventricular output are the same as those obt ain i ng in 
the heart of the dog, and further to determine the part -which changes in 
both positive and negative ventdation play in affecting cardiac inflo-w and 
output. 

Methods 

The isolated heart-lung and heart-lung-head preparation 

Tte isolated heart-huig preparatioa in the rat has been in nse in this department for sereral 
years. It proved to be of considerable ntility in an investigation of fat ntilization in the aglycaemio 
rat [Cmickshani & Kosteditz, 1911], and, sine© the details of the preparation have never been 
published, a brief note on the method may be of value. 

lister strain rata of between 300 and 400 g. weight were used and were fed on an ample diet. 
The hearta of experimental animala weighed from 0-7 to 1-2 g. and made excellent preparationa 
which, with an arterial blood pressure of 80-100 mm. Hg, a venous pressure of 70 rmri of blood, 
a respiration rate of 72 per min., a tidal air volume of 2-4 c,c. and a blood temperature of 3S° C. 
would continue to function almost unchanged for four or more honra. Amytal 0-01 g./lOO g. rat 
was used aa the anaesthetic. 

Blood for the preparation is obtained from rata, the number depending on the amount of 
blood required. Bleeders weighing about 350 g. will give 8-10 c.c. of blood from the carotid. 
To do thia the rat ia secured to the animal board, the right carotid carefully exposed and cut 
between ligatures. The artery having been cleared of tissue, the rat is placed vertically, head 
down; the ve^l, steadied by forceps holding the ligature, is opened by partiallv cutting through 
it with fine scissors and the blood is coUeeted in a 30 c.e. beater to which 100 Toronto u^ 
Heparin B.D.H. per 10 c.c. blood have been added. 

In mating an isolated heart-lung preparation the chest ia opened carefully in the mid-line, the 
thj-mua retracted upwards and the arch of the aorta exposed. In earUer experimenta the azygos 
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vein was clamped at its junction with the left superior vena cava. This was later fonad to be 
unnecessary. The right superior vena cava is ligated and a loose ligature is placed round the 
inferior vena cava above the diaphragm. The inferior vena cava is ligated below the diaphragm 
and the cannula inserted also from below the diaphragm. The azygos vein and oesophageal veina 
are now tied. The innominate artery is ligated, and a ligature, placed round the aorta, is pulled, 
upon to prevent bleeding while a cannula is inserted into the aorta. As soon as the circulation U 


Frame, on which apparatus 



Fig. 1. Diagram of apparatus for perfusion of isolated heart-lung-liead prepa 

established the resistance pressure is raised to bring the arterial blood pressum up to 80 ® 

and the venous pressure is set at about 70 mm. of blood. From the diagraru m ig. ^ 

set up will be clear. The bore of the tubing is 4 mm., the venous reservoir ““ nntrmts are 
capacity depending upon the type of experiment to be performed, e.g. w is to be 

to be measLl tb^e rLervoirXuld bold at least 30 e.o. of blood, where blo^ 
exhausted the total blood in circulation need not be more than 10 c.c. ample and affords 

reservoir must be very small; a glass tube 6 in. long and i in. m diameter is ample and idto 

an accurate check on blood loss. 


RESPIRATION AND CARDIAC OUTPUT il9 

In malrTng- the isolated heart-lnag-liead preparation tie arterial canimla is inserted first, a 
small part of the abdominai aorta Jnst above the superior mesenteric artery being well cleared 
for its reception. The venous cannula should be inserted into the inferior vena cava just beneath 
the diaphragm, and ligatures tied both above and below the diaphragm-, otherwise, blood will 
be lost by way of tbe pbrenio arteries and their venous temm into the inferior reaa cara. When 
negative ventilation is to he used the diaphragm should be damaged as little as posable, and the 
ligatures about the diaphragm must be well placed or blood will leat into the liver and potential 
bleedmg points will be opened up if or when negative ventilation is increased to give more than 
moderate inflatioa of the lungs. It is also important to ligate just above the diaphragm all veins 
passing through it into the abdomen, l\o bleeding points shotdd be apparent before proceeding 
with negative ventilation. 

The rate of the heart can be accurately recorded by the electrocardiograph or by photographing 
the moving lever of a Straub membrane manometer over the slit of any snitahle, photographic 
apparatus, such as the slit of the photographic box of an electrocardiographic machine. The 
membrane manometer is attached to the arterial blood-pressure manometer (Fig. I). 

Respiration 

Positive venrilation of the lungs was carried out by means of a small Ideal Pump which was 
made for the purpose by Messrs Palmer and Co. Xegative ventilation was performed by placing 
the animal in a small air-tight wooden box with holes appropriately placed for conveying arterial 



Fig. 2- Diagram of apparatus for negative ventiUtioa of isolated heart-lung-head preparation. 

blood out to and Tenons blood in &om the circulatory schema shown in Tta 1 wi.- i 

of tie design deicrifaed by Daly, ELden, Hebb, Ludanv h Petrovshaia 
consults of plate glarf sealed into a wooden frame which is tiAtlv sere2!f^ ' ^ ^ 
pashct by wing nuts. A reduced pressure was created in the W ^ “ rubf>er 

frequencies, the suction created upon the box by an EdwarS’ 
apparatus such as a Cenco vacuum pump may be used. The 
ot ,1, a. w ^ to,., 



48 


79 




3a 

Fig. 3o. Typical tracing of the calibration curves of the modified Gaddum apparatus. Kach step 
represents 1 o,o. tidal air at the respiration rate given at the top of the records 



Fig. 36. Kecord showing constancy of pulmonary ventilation at varying respiration rates: 


Fre quenoy/min , 

48 

60 

72 

90 

120 

180 

Stroke voL in o.c. 

6-3 

60 

4-2 

3-3 

2-6 

1-7 

Pulmonary ventilation in o.c./mm. 

302 

300 

302 

300 

300 

300 


Tidal Pulmonary 

Air Ventilation 
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in ^spixntion m.e. a'S^bber pnd 

n^eans of an ordinary 1 ft- a definite ftequencT and for a iefimte^e. 

^hicli ^ alloTred to dose the snitahle, limited excnxsiona 

By an appropriate pnlley the stea _ r air inlet 'sras arranged hr having the air mlet tube 

and fontards. and the time of madT^PPtoach or be trithdra^ &om 

nrmh- fiaed to a fins ■srotm sere ^ auiple device, shorm diagram- 


Calibration of resjtiration records 



Deflexion of respiration record in mm- 

Fig. 4. Calibration curve of r^-piratory record.. (1) Eejationdup between deflexion in mm. and 
polmonary ventilation. ( 2 ) Graph for meamring tidal air. (3) Graph for measuring pulmonary 
ventilation- 

volume (C.C.) of the pulmonary ventilation. In the eiperimenta to be described respiration rates 
varied &om 4S to 150 per tutti., but it was clearly seen that rate did not affect the relationship 
between deflexion in mm. and pulmonary ventilation (Fig.36). Knovring the puhnonary ventilation 
and the rate of tespirarion, one could estimate the tidal air volume and check this against records 
taken when the Ideal pump was set for various tidal air volumes (see Fig. 4). In all experimenta, 
the pomp, with the inlet and outlet valves of the Gaddnm apparatus in position, was calibrated 
m this way. and it is &om a series of such calibrations (Fig. 3 a) that the curve and graphs in 
Fig. 4 were constructed. Knowing the rate of respiration as set by the adjustable pulley one could 
therefore, as the experiment was being made, measure the tidal volume or, approiiniately, set 
the suction inlet tube to give any tidal volume required. Since tidal volume is a measure of the 
degree of inflation of the lung and therefore of the ‘negative pre^ure’ such a graph, relating tidal 
air volumes to rate of respiration, was of immediate value. An example of the type of record of 
negative ventilation obtained is given in Fig. 3c. 
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' Eesults AOT) discussion ' 

Circulatory factors affecting cardiac output 
In aU the numerous experiments made on the isolated heart-lung-head pre- 
paration the results have heen very uniform and, accordingly, the data from 
one experiment are given to illustrate various points. Data from the innervated 
heart are immediately followed by those obtained when both vagus nerves, 
shown by electrical stimulation to he active, have been cut and the carotids 
ligated. Thus the results from the isolated heart-lung-head preparation are 
directly contrasted with those from the denervated heart or the isobted 
heart-lung preparation. Brief reference is made to the results because they 
corroborate on the rapidly beating heart what is known for the slower 
mammalian heart, e.g. the dog [Markwalder & Starling, 1914; Patterson k 
Starling, 1914]. 

The effects of increasing venous pressure. When, with a constant positive 
ventilation of the lungs, the venous pressure was raised from 60 to 160 mm. 
of blood, the cardiac output was increased from 16-0 to 38-4 c.c./min. The heart 


Table 1. Isolated heart-lung-head preparation 
Effect of increasing venous pressxure 


Bate 

B.P. 

V.P. 

Output 

beats/tnin. 

mm. Hg mm. blood 

c.c./min. 

216 

73 

so 

16-0 

240 

76 

60 

19-2 

264 

80 

70 

23’4 

270 

85 

80 

26-2 

276 

86 

90 

26-4 

288 

90 

100 

300 

312 

120 

160 

38-4 


Both right and left vagus nerves cut 


360 

76 

60 

19-2 

360 

80 

70 

26-2 

300 

86 

100 

30-0 


With arterial blood pressure constant 


228 

85 

40 

10-8 

264 

85 

70 

22-8 

276 

86 , 

80 

20-0 

300 

86 

100 

32-4 


Vagi cut 



360 

, 90 

40 

14-4 

360 

90 

60 

19-2 

360 

90 

70 

24-0 

360 

90 

100 

33-0 


Effect of changes in venous pressure in an isolated heart-lung preparation 

140 
22-8 
31-2 
300 
43-2 
60-4 
000 
62-4 
600 


270 

70 

30 

270 

80 

60 

270 

90 

70 

270 

96 

80 

270 

105 

100 

270 

110 

126 

270 

130 

160 

270 

140 

180 

240 

145 

200 



respiration and GARDIAO output 

rate rose from 216 to 312 beats/min. accompanied by a definite me m tbe 
arterial blood pressure from 73 to 120 mm. Hg. After tbe 
heart rate increased to 360 beats/min. and, mtb a venom pressme of - 

blood, tbe output was 19-2 c.c./min., at 70 mm. 25-2 c.c./n^, pn a • 

30 c.c./min. These observations corroborate tbe findings of Bam ^ S® L - ' 
namely, that tbe venous pressure determines tbe rate of tbe heart y vaga 
pathways and is responsible for changes in cardiac output [see also Sassa 
Miyazaki, 1920; and Anrep & Segall, 1926]. That these changes - a re ue 
to venous pressure and not to changes in arterial blood pressure is a 
indicated in Table. 1- 



Fig. .5. The relationship of venous pressure to cardiac output. Upper curves; isolated heart-lung 
preparation. Lower curves: isolated heart-lung-head preparation. Data from one of each 
series only in Table 1. 

In experiments in which both vagi were cut, the carotids ligated and an 
isolated heart-lung preparation made, results showed that increasing venous 
pressure had no effect on heart rate but progressively increased the cardiac 
output (Table 1 and Fig. 5). 

Effect of increasing arterial blood pressure. The results of increasing arterial 
pressure, with venous pressure at 40 and 70 mm. blood, are shown in Table 2. 
Increasing arterial pressure from ‘50 to 140 mm. Hg has little, if any, effect 
on the cardiac output. On the other hand, the increase in arterial pressure 
occasions a very marked decrease- in- heart rate: with a low venous pressure, 
40 mm., an increase in arterial blood pressure from 30 to 120 mm-. Hg produces 
a 30% decrease m heart rate, viz. 360 to 252 beats/min. With a venous 
pressure of 70 mm. blood there is no material alteration in cardiac output 
I’H- cm. .-,o 
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until the arterial blood pressure passes 140 mm. Hg. There is again a marked 
change in heart rate, 348 to 246, which is abolished on cutting both vagus 
nerves. As venous pressures are increaseii to 100 mm. of blood a definite 
though not such a marked change in heart rate is seen and cardiac output 
does not change imtil blood pressures are above 140 mm. Hg. These results 
con fi rm the observations made on larger animals by Heymans [1926, 1929] 
and Anrep & SegaU [1926]. It will be noted later that, with arterial presstires 
below 46 mm. Hg, the heart, despite optimal venous pressure, steadily 
deteriorates, doubtless owing to a poor coronary circulation. 


Table 2. Isolated heart-lung-head preparation 
EfiFeot of raising arterial blood pressure at 40 and 70 mm. venous pressure 


Rate 

B.P. 

V.P. 

Output 

beata/min. 

mm. Hg 

mm. blood 

c.c./min. 

360 

30 

40 

27-6 

324 

60 

40 

27-6 

276 

100 

40 

27-6 - 

262 

120 

40 

27-6 

348 

60 

70 

360 

342 

66 

70 

36-0 

312 

95 

70 

360 

288 

110 

70 

36’0 

282 

116 

■ 70 ' 

34-8 

276 

126 

70 

36-0 

268 

140 

70 

34’6 

246 

146 

70 

32-4 

246 

165 

70 

26-4 


Both right and left vagus nerves out 


402 

100 

70 

38-4 

402 

60 

70 

36-0 

402 

80 

70 

37-2 

402 

115 

70 

37-2 

402 

136 

70 

37-2 

402 

146 

70 

36-0 

402 

160 

70 

34-8 


of altering the heart rate. It has been shown that alteration of t e 
heart rate within physiological limi ts does not per se alter the cardiac output. 
As long as there is ample diastolic time for venous filhng, the venous pressure 
being constant, there is no change in cardiac output. The denervated heart, 
the rate of which has been increased, within wide limits, by adding adxena^e 
to the perfusing blood or decreased by cooling the auricle with ice, s 
no change in output (Table 3). 

From the above results it may be concluded that heart rate does not a ec 
heart output when venous pressure is between 40 and 70 mm. blood. Venous 
pressures below 30 mm. blood generally cause rapid failure of the heart ^ o ^ 
inadequate fillin g. At the other extreme, venous pressures oyer 160 mm. 
are not weU taken, for the heart slowly dilates, and at a pressure of 200 mm. 
blood it quickly succumbs. 
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Tabli: 3. Isolated heart-limg-head^reparation 
Effect of changes in heart rate on output. Both right aSd left vagus nerves cut 


Bate 

BJ?. 

VJ. 

Output 

beats/mm. 

mm. Hg • mm. blood 

Auricle cooled irith ice 

c.c./min. 

420 

100 

70 

3S-4 

408 

95 

70 

38-4 

318 

95 

70 

37-2 

300 

90 

70 

36-0 

282 

90 

70 

34-8 

270 

90 70 

Cooling stopped 

34-8 

282 

100 

100 

42-0 

300 

100 

100 

420 

360 

105 - 100 

Heart rate increased by adrenaline 

■ 43-2 

312 

110 

80 

28-8 

336 

110 

80 

28-8 

390 

115 80 

Arterial blood pressure lowered 

300 

390 

65 

80 

28-8 

390 

60 

80 

28-8' 


Effect of occlusion of the carotid arteries. Just as the heart reacts immedi- 
ately to an increase in arterial pressure so it responds quickly to'a decrease 
in arterial pressure in the carotids caused hy occlusion of these vessels. The 
data in Table 4 indicate this response and its absence when the vagi are cut. 
It should, however, be noted that the change in heart rate is not marked, 
and in old animals may not be obtained at all. 


Table 4. Isolated heart-lung-head preparation 
Effect of ocdnaion of both carotid arteries 



Bate 

B.P. 

VJ. 


beats/min. 

mm. Hg 

mm. bloi 

Normal 

252 

70 

60 

Occlusion 

288 

75 

60 

Normal 

258 

80 

80 

Occlusion 

300 

85 

80 

Normal 

276 

85 

100 

Occlusion 

306 

90 

100 


Both right and left vagus nerves cut 

Normal 

330 

60 

60 

Occlusion 

330 

65 

60 

Normal 

330 

68 

SO 

Occlusion 

330 

68. 

80 

Normal 

330 

85 

100 

Occlusion 

330 

85 

100 


Output 

c.c./min. 

240 

26-2 

27-6 

26-4 

38-4 

38-4 


24-0 

24-0 

26-4 

26-4 

36-0 

360 


These responses indicate that the small rapidly beating heart of the rat 
reacts m a manner similar to the much slower heart of the dog and thev 
corroborate the accepted knowledge concerning the mammalian heart In 
companng the results of such work it should be noted that the venous pre^ure 


28—2 
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until the arterial blood pressure passes 140 mm. Hg. There is again a marked 
change in heart rate, 348 to 246, which is abolished on cutting both ragns 
nerves. As venous pressures are increased to 100 mm. of blood a definite 
though not such a marked change in heart rate is seen and cardiac output 
does not change imtil blood pressures are above 140 mm. Hg. These results 
confirm the observations made on larger animals by Heymans [1926, 1929] 
and Anrep & Segall [1926], It will be noted later that, with arterial presstaes 
below 46 mm. Hg, the heart, despite optimal venous pressure, steadily 
deteriorates, doubtless owing to a poor coronary circulation. 


Table 2. Isolated hearfc-lnng-head preparation 
Effect of raising arterial blood pressnre at 40 and 70 nun. venous pressure 


Rate 

B.P. 

V.P. 

Output 

beats/min. 

mm Kg 

mm. blood 

c.c./min. 

360 

30 

40 

27-6 

324 

60 

40 

27-0 

276 

100 

40 

27-6 - 

262 

120 

40 

27-0 

348 

60 

70 

30-0 

342 

65 

70 

36-0 

312 

95 

70 

300 

288 

110 

70 

360 

282 

115 

■ 70 ' 

34-8 

276 

126 

70 

360 

258 

140 

70 

34-6 

240 

146 

70 

32-4 

246 

155 

70 

26-4 


Both right and left vagus nerves out 


402 

100 

70 

38-4 

402 

60 

70 

38-0 

402 

80 

70 

37-2 

402 

115 

70 

37-2 

402 

136 

70 

37-2 

402 

146 

70 

360 

402 

160 

70 

34-8 


Effect of altering the heart rate. It bas been shown that alteration of t e 
heart rate within physiological limits does not per se alter the cardiac ou p 
As long as there is ample diastolic time for venous filling, the venous pressure 
being constant, there is no change in cardiac output. The deneivated ea 
the rate of which has been increased, within wide limits, by adding adre 
to the perfusing blood or decreased by cooling the auricle with ice, s 


no change- in output (Table 3). „ , 

From the above results it may be concluded that heart rate does not a ec 
heart output when venous pressure is between 40 and 70 mm. blood. 
pressures below 30 mm. blood generally cause rapid failure of the 
inadequate filhug. At the other extreme, venous pressures oyer 160 nun- 
are not well taken, for' the heart slowly dilates, and at a pressure of 200 nun 


blood it quickly succumbs. 



RESPIRATION AND CARDIAC OUTPUT. 


Tadm 3. Isolated heatHung-hcadjproparatiou 
Effect of changes in heart rate on output. Both right and left vagus nerves out 


Kate 

beats/min. 


120 

408 

318 

300 

282 

270 


282 

300 

360 


B.P. 


Output 

xm. Hg ' 

nuu. blood 

c.c./miu. 

Auriclo cooled with ico 


100 

70 

3S'4 

06 

70 

38-4 

95 

70 

37-2 

90 

70 

30'0 

00 

70 

31-S 

90 

70 

34-8 

Cooling stopped 


100 

100 

42-0 

100 

100 

42-0 

105 

- 100 

‘ 43-2 


Heart rate increased by adrenaline 
312 no 80 28-S 

338 no 80 2S-S 

300 115 80 30-0 


-■Vrterial blood pressure lowered 
300 06 SO 28-8 

390 50 SO 2S-S' 


Effect of occlusion of the carotid arteries. Just as the heart reacts immedi- 
ately to an increase in arterial pressure so it responds quickly to^a decrease 
in arterial pressmre in the carotids caused by occlusion of these vessels. The 
data in Table 4 indicate this response and its absence when the vagi are out. 
It should, however, he noted that the change in heart rate is not marked, 
and in old animals may not be obtained at all. 


Table 4. Isolated henrt-lung-head preparation 
Effect of occlusion of both carotid arteries 



Rate 

n.p. 

Y.P. 


beat»/n\in. 

mm. Hg 

mm. blood 

Normal 

252 

70 

OO 

Occluflion 

288 

75 

60 

Normal 

258 

80 

80 

Occluaion 

300 

86 

80 

Normal 

270 

85 

100 

Occlusion 

300 

00 

100 


Both right and left vagus nerves cut 

Normal 

330 

00 

GO 

Occluaion 

330 

06 

00 

Normal 

330 

68 

SO 

Occlusion 

330 

08. 

so 

Normal 

330 

85 

loo 

Occluaion 

330 

85 

100 


Output 

c.o./inin. 

24-0 

26-2 


27-6 

26'4 


38-4 

38-4 


240 

24'0 

20-4 

28-4 

360 

36-0 


These responses indicate that the small rapidly beating heart of the rat 
reacts m a manner similar to the much slower heart of the doo and thov 
corroborate the accepted knowledge concerning the mammaUan” heart 
comparing the results of such work it should bo noted that the venous pressure 


28—2 



426 


E. W. H. ORUICKSHANK 

could be maintained constant irrespective of the rate of flow. In the experi- 
ments of Starling and bis co-workers constancy of venous pressure depended 
on a determined rate of flow, tbe venous reservoir being plac^ well above 
the preparation and the blood flow controlled by a Hofiinan chp. In the 
experiments on the rat the height of the venous reservoir has always detennined 
the venous pressure. 

Respiratory factors~affecti7ig cardiac output 
Positive ventilation 

The isolated heart-lung preparation. In experiments on the isolated heart-lung 
preparation it has invariably been the custom to inflate the lungs by'positive 
ventilation. 

It was thought that perhaps changes in the vascular bed of the lung 
occasioned by changes in the degree and frequency of such inflation would 
produce changes in the output of the heart. That changes in the rate of 
respiration, tidal air and pulmonary ventilation when produced by a positive 
ventilation pump, do not cause any changes in cardiac output is clearly shown 
by the data of numerous experiments. Table 6 gives in detail the data of one 
of these experiments. At a constant venous pressure and with heart rate 
unchanged in the denervated heart or the heart-lung preparation no changes 
in respiration rate or volume of tidal air (stroke volume of the pump) affect 
the constancy of the cardiac output. Not until the lungs are defimtely 
damaged by excessive pulmonary ventilation does the output diminish. 


Table 6, Isolated heart-lung preparation. Positive ventilation 
Rat weight: 376 g. Heart-weight: 1-0 g. 

Kfiect of changes in respiration rate and pulmonary ventilation 


Rate 

B.r. 

v.p. 

Output 

Respiration 

, * ' . 

Tidal air 

Pulmonary 

ventilation 

c.c./niin. 

beats/min. 

mm. Hg 

mm. blood 

c.o./min. 

Kate 

c.c. 

264 

80 

70 

300 

72 

2 

144 

192 

204 

216 

264 

80 

70 

300 

96 

2 

264 

80 

70 

300 

102 

2 

264 

80 

70 

300 

108 


264 

80 

70 

30 0 . 

72 

3 

216 

288 

324 

342 
' 432 

480 

640. 

180 

264 

80 

70 

300 

96 

3 

264 

80 

70 

.30-0 

108 

3 

264 

SO 

70 

300 

114 

3 

264 

SO 

70 

300 

144 

3 

264 

80 

70 

300 

160 

3 

264 

80 

70 

30-0 

180 

3 

1 

o 

264 

80 

70 

300 

180 

144 

264 

80 

70 

30-0 

72 



The isolated hearl-lung~head preparation. When changes in positive pu 
monary ventilation are made at different venous pressures the car me ou p 
varies as if only the .venous pressures were altered. As as a ea y een 
shown, increased venous pressure is associated ^^dth an increase in he^t rate. 
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With moderate blood pressure, the changes in positive respiration, be it 
frequency, tidal ah or pulmonary ventilation, have no effect on heart output. 
Minimal changes in heart rate, following increases in tidal air, are observed 
in lightly anaesthetized animals. Bainbridge [1920] stated that excessive 
artificial ventilation, by means of a pump, does not influence heart rate. 

Table 6. Isolated heart-Iung-head prepaiation. Positive ventilation 
Eat weight: 350 g. Heart weight: 0-85 g. 

Effect of changes in rate of respiration and in tidaiair volumes at various 
venous pressures and moderate blood pressure 

.. Respiration 


Rate 

B.P. 

v.p. 

Output 


beats/min. 

mm. Hg 

mm. blood 

c.c./min. 

Rate 

330 

75 

40 

15-6 

72 

— 

75 

40 

la-6 

72 

330 

75 

40 

15-6 

72 

372 

80 

60 

20-4 

72 

372 

80 

60 

22-8 

72 

384 

80 

60 

22-8 

72 

376 

85 

70 

28-8 

72 

— 

85 

70 

30-0 

72 

384 

80 

70 

30-0 

72 

372 

85 

70 

300 

140 

— 

85 

70 

30-0 

140 

376 

90 

70 

30-0 

140 

324 

70 

40 

18-0 

140 

— 

70 

40 

18-0 

140 

324 

70 

40 

18-0 

'140 

324 

70 

40 

18-0 

192 

— 

70 

40 

18-0 

192 

324 

70 

40 

18-0 

192 

252 

75 

60 

27-6 

54 

264 

78 

60 

27-6 

54 


288 

288 

294 

300 

288 

270 

288 


85 

85 

85 

88 

85 

85 

85 


70 

70 

70 

70 

70 

70 

70 


300 

300 

31-2 

31-2 

30d) 

27-6 

27-6 


72 

72 

72 

72 

72 

108 

108 



While in the isolated heart-lung-head preparation in the rat, an increase i 
tidal air volume causes a slight increase in heart rate, excessive nositiv, 

refiex, tie c.xtit ^^0!“ ^ 

O* 

^t•gativc ventilation 

The mhled heael-lmig frepamlion. In maiked contia^f ti i . 

.1 e„ai„c „„.pn. „k.nge, in positive vSeontte^L; 
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Table 7. Isolated heart-lung preparation. Negative ventilation 
Rat weight: 330 g. Heart weight: 0-8 g. 

ect of changes in rate of respiration and in tidal air volumes, venous pressure being comtsiit 


Rate 

heats/min. 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

318 

^18 

318 

318 


Respiration 


B.P. 

mm. Hg 

v.r. 

mm. blood 

Output 

c.c./min. 

Rate 

A 

, Tidal air 

c.c. 

Pahnonsiy 

ventilation 

c.c./min. 

85 

70 

21-6 

48 

1-2 

68 

90 

70 

26-4 

48 

20 

96 

98 

70 

33-6 

48 

3-7 

180 

105 

70 

360 

48 

60 

288 

92 

70 

27-6 

72 

1-2 

- 86 

98 

70 

32-4 ~~ 

72 

2-7 

198 

100 

70 

34-8 

72 

3-2 

230 

105 

70 

37-2 

72 

4-2 

302 

105 

70 

38-4 

72 

6-2 

374 

90 

70 

20-4 

90 

1-2 

112 

92 

70 

28-8 

90 

2-0 

180 

95 

70 

31-2 

90 

2-6 

234 

100 

70 

34-8 

90 

3-0 

270 

106 

70 

37-2 

90 

40 

360 

85 

70 

240 

120 

0-8 

96 

90 

70 

20-4 

120 

1-0 

120 

95 

70 

31-2 

120 

2-4 

288 

98 

70 

34-8 

120 

3-3 

396 

100 

70 

37-2 

120 

4-2 

502 

85 

70 ■ 

240 

150 

1-0 

150 

90 

70 

27-6 

150 

1-6 

225 

95 

70 

31-2 

160 

2-4 

360 

98 

70 

- 33-6 

160 

30 

460 

100 

70' 

34-8 

160 

4-0 

600 


arising from similar changes with negative ventilation. While, in the de- 
nervated, heart, there is no change in rate, there is, with a constant venous 
pressure, a defimte and progressive increase in the cardiac output with every 



Tidal air o.o. 

Rig. 6. Isolated heart-lung preparation with negative ventilation. Changes in the rate of re 
spiration are without appreciable effect on the relationship of tidal air to cardiac output. 


increase in negative ventilation. Associated with this increase in output is 
a small increase in blood pressure (Table 7). Examination of the details o 
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the experiment shorra that the increased ontpnt is a fonction of the increased 
venous pressure occasioned by a greater ‘intrathoracic negative pressure . 
The degree of increase in ‘intrathoracic negative. pressure’ is indicated by the 
changes in tidal air. At constant tidal air intakes, the respiration rates, 
varying from a normal for the rat of 72 to laO/min., have no effect upon cardiac 
output. This is shown in Fig. 6, where, only when the respiration rate is 
reduced to the very low figure of 48/min., and where tidal air is small, is there 
an indication that increasing the rate to the normal figure may be slightly 
beneficial. This may be due to better oxygenation. Since the cardiac reflex 
pathways are not intact, all impulses of a reflex nature from the lungs or the 
heart are ruled out: the heart rate remains constant while cardiac output 
increases. This is the purely mechanical response to venous pressure obtained 
in all isolated heart-lung preparations and therefore it is apparent that increase 
in tidal air or in ‘intrathoracic negative pressure’ is responsible for the change. 

Isolated heart-lung-head preparation. In this preparation results different 
from those described in the previous section have been obtained. "When this 
preparation is negatively ventilated, alterations, in tidal air volumes, at any 
maintained venous pressure, effect changes in both cardiac rate and output. 
As in the previous case, the ‘intrathoracic negative pressure’ which results 
from negative ventilation must be added to the venous pressure. The summa- 
tion of these two effects is responsible for the increased venous pressure, which, 
causing a better filling of the heart and a greater tension in auricular muscle, 
leads to increased cardiac rate and output. It is apparent from Table S and 
Fig. 7 that changes in respiration rate, the venous pressure being constant, 
play no significant part in the changes effected. But the change in heart rate, 
which is clearly significant, remains the only vagal reflex that can be demon- 
strated under the conditions of these experiments. It has been shown that 
with negative ventilation, the vagi being cut, changes in cardiac output are 
determined by venous pressure and are independent of heart rate. With the 


vagi mtact, an increase in the thoracic negative pressure increases cardiac 
output and at the same time there is a reflex increase in heart rate. The 
significance of the increase in thoracic negative pressure is that, by increasin'^ 
the effective right auricular pressure, a marked increase in cardiac output k 
achieved with some conservation of the stroke volume of the heart. 

Since alteration of tidal air volumes so affected heart output it was decided 
to see if this increase could play a part in restoring cardiac output under 
varymg conditions of low venous and arterial blood pressures. 

The part plaged bp negative ventilation in the restoration of cardiac output 
This was inv^tigated under two conditions: (1) with low venous pressure 
(30 miu. blood) and optimal venous pressure (70 mm. blood), m 4th low 

^ p-™ 
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Table 8 

can be restored if not to tt e cardiac output at low venous pressures 
. . 1 "ot to that obtarmng at 70 mns. blood, at leJt ctael, 

Xtutus. Neg.dr. 

Ti.. *0. .01..™..“ ,:"^' -o- 

presBures 70 and 30 mm pressure’ on cardiac outjmt at venous 

mm. blood and respiration rates 72 and 140/niin. 


Rate 

beats/niin. 

312 

324 

330 

348 

288 


324 

312 


336 

270 ' 

270 
288 

300 


B.P. 

mm. Hg 

98 

106 

110 

116 

76 

78 

85 

96 

96 

90 

100 

106 

72 

80 

80 

83 

86 


v.p. 

mm. blood 
70 
70 
70 
70 

30 

30 

30 

30 

30 

70 

70 

70 

70 

30 

30 

30 

30 

30 


Output 

c.c./min. 

26-2 

33-6 

40-8 

45-6 

16-6 

20-4 

28-8 

360 

40- 8 

240 

32-4 

360 

41- 2 
14-2 
21-6 
26-2 

27- 6 

28- 8 


Respiration 

K 


Rate 

Tidal air 

d.c. 

72 

0-6 

72 

1-6 

72 

2-7 

72 

3-8 

72 ■ 

0-6 

72 

1-2 

72 

2-6 

72 

3-7 

72 

6-1 

140 

0’5 

140 

1-6 

140 

2-3 

140 

3-6 

140 

0-4 

140 

1-7 

140 

2-4 

140 

3-1 

140 

4-2 



Pulmonary 

ventilation 

c,c./min. 

36 

116 

194 

273 

30 

86 

187 

264 

367 

70 

224 

331 

676 

66 

238 

336 

434 

688 


Tidal air c.o. 

Rig. 7. Isolated heart-lung-head preparation; with negative ventilation; respiration rate 72/niin. 
on muons 'ne, 140/min. broken line. Increase in tidal air increases cardiac output at venous 
pressures of 70 and 30 mm. blood. 


approximating it, by increasing pulmoifary ventilation. With a venous pressure 
of 70mm. blood and respiration, rate 72/min., the cardiac output is 33-6 
c.c./min. and the tidal air volume 1-6 c.c. At 2-7 c.c. tidal air volume, the 
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output is 40-8 c.c./min-, arterial blood pressure being 110 mm. Hg. This output,^ 
which can be regarded as optimal for the heart of a rat weighing be^een 
300 and 400 g., is reached when, with a venous pressure of 30 mm. blood, the 
tidal air volume is 5-1 c.c. The arterial blood pressure, while not fully restored 
to 110 TiiTn- Hg, is well maiutained at 95 mm. Hg. The increased degree of 
expansion of the thorax is represented by the change in tidal air. 

IVhen the respiration rate is increased to 140/inin. no great difference in 
cardiac output is obtained with a venous pressure of lO mm. blood except 
that, when the tidal air volume exceeds 2 c.c., there is a slight fall in the rate 
of increase of cardiac output (Tig. !)■ a venous pressure of 30 mm. blood, 
however, an increase in tidal air up to 5 c.c. is not accompanied by a similar 
rise in cardiac output and arterial blood pressure. 



Rate of respiration/min. 


Fig, 8. Effect of rate of respiration on cardiac ontpnt at constant Tolumea of tidal air and with 
venoas pressures of 70 and 30 mm- blood, vj. venous pressure j tidal air in c.c. 


The effect of rale (frequency) of respiration. That, in negative ventilation, 
the rate of respiration is not the determining factor in raising cardiac output 
is seen in Fig, 8 where are shown the data From Fig. 7 relating respiration 
rate to cardiac output at constant tidal air volumes, i.e, constant degrees of 
inspiration or constant ‘ intrathoracic negative pressures’. At a venous 
pressure of 70 mm. blood an increase in the rate of respiration from 72 to 
140 min. has no significant effect on output until the tidal air volume exceeds 
2-5 c.c.. i.e. a low or moderate degree of iospiration, after which point it 
becomes detrimental to cardiac output. At a venous pressure of 30 mm 
blood a similar situation arises. It would appear horn such results that, with 
low venous pressure, increased ‘intrathoracic negative pressure’ is the effective 
means for increasing venous pressure and raising cardiac output, and' that 
increased rate of respiration, while of no material benefit at low tidal air 
volumes, is to some extent harmful when tidal air volumes pass the normal 
amplitude of respiration. 

The effect of low arterial resistance. Table 9 indicates tbe part played by 
•intrathoracic negative pressure’ in restoring cardiac output at low arterial 



432 


E, W. H, GRUIGKSHANE 

Table 9. Exp, 21. Isolated heart-lung-liead preparation. Negative ventilation 
Rat weight: 300 g. Heart weight: 0*8 g. 

Effect of changes in venous and arterial blood pressure 


Respiration 


Bate 

B.P. 

V.P. 

Output 

' 

Tidal air 

Pnlmonarj' 

ventilstion 

beats/min. 

TTITn. Hg 

mm. blood 

c.c./min. 

Bate 

c.c. 

c.c./niiD. 

360 

106 

At optimal arterial blood 
100 30-0 

pressure 

72 

1-6 

108 

— 

98 

100 

34-8 

72 

3-2 

230 

378 

108 

100 

42-0 

72 

5-7 

410 

300 

100 

70 

24-0 

72 

1-7 

112 

— 

102 

70 

31-2 

72 

3-5 

252 

342 

105 

70 

32-4 

72 

4-6 

321 

282 

78 

30 

12-0 

72 

1-2 

86 

— 

80 

30 

19-2 

72 

2-4 

172 

306 

90 

30 

26-4 

72 

6-2 

374 

282 

70 

20 

9-6 

72 

M 

79 

— 

76 

20 

13-2 

72 

30 

210 

288 

82 

20 

19-2 

72' 

4-7 

338 

312 

46 

At low arterial blood pressure 

70 21-6 72 

1'5 

108 

— 

48 

70 

27-6 

72 

■ 3-7 

266 

318 

66 

70 

31-2 

72 

6-6 

403 

262 

25 

30 

12-0 

72 

1-4 

101 

— 

30 

30 

16-6 

72 

3-0 

216 

— 

42 

30 

18-0 

72 

6-1 

367 

258 

42 

30 

21-6 

72 

6-3 

464 


and venous blood pressures. The first part of the table sbqws the usual 
responses to change in venous pressure and tidal air volumes. The effects of 
low arterial blood pressure are shown in the second part of the table, where 
the pressure has been lowered by adjusting the peripheral resistance. With 
a venous pressure of 70 nun. blood, an arterial blood pressure reduced to 
46 mm. Hg is improved to 55 mm. Hg as the ‘intrathoracic negative pressure 
is increased to give a tidal air volume of 6'6 c.c., and with this the cardiac 
output is increased from 21-6 to 3 1-2 c.c. which is equal to that obtained when 
the tidal air is 3'6 c.c., the venous pressure 70 mm. blood and the arterial 
pressure 102 mm. Hg. When, however, the arterial pressure is reduced to 
26 mm. Hg by reducing the venous pressure to 30 mm. blood there is no such 
increase in cardiac output when the ‘intrathoracic negative pressure is 6-3 c.c. 
The arterial blood pressure is not thereby raised to an effectual level and 
ultimately falls. The heart invariably fails if measures taken to restore blood 
pressure by increasing venous pressure and cardiac output fail to raise the 
arterial blood pressure above 45 mm. Hg. The question naturally rises as to 
what may be regarded as the critical point in terms of arterial blood pressure, 
at which increases in ‘intrathoracic negative pressure’ will be of no avail in 
restoring and maintaining cardiac output. Arterial presstires below 46 mm. 
with the venous pressure at 70 mm. blood, may be partially restored, as m 
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respiration and cardiac output 

tte experimental results in Table 9, by a marked increase in tbe 

‘intrathoracio negative pressure’, but tbe output is never mamtamed for long 
periods, and with a loTV venous pressure, 30 or 20 mm. blood, no restoration ^ 
of cardiac output to normal bas ever been obtained. It is suggested therefore 
that an arterial pressure of 45 mm. Hg may be regarded as a critical pressure 
for tbe heart of tbe rat weighing 300 g. 

Maintenance of tbe heart’s action demands two things which cannot be 
dissociated one feom the other: (1) a good venous pressure, and (2) a good 
arterial pressure. To give the heart something to pump is of no avail if the 
factors determining the coronary circulation are not effective. Such experi- 
mental results would suggest that there is a fundamental relation between 
cardiac output and the respiratory capacity of the chest, as well as a relation 
between cardiac output and heart rate on the one hand and the area of the 
venous channels at their entrance to or within the heart on the other. Research 
into the fundamental question of the relation of these factors to the metabolic 
activity of the mammalian heart and the body which contains it still remains 
to be done. 

SUIDIABY 

1. Methods for making an isolated heart-lung and heart-lung-head pre- 
paration on the rat, and for the negative ventilation of these preparations 
are described. 

2. Thejeflex responses of tbe rapidly beating heart of the rat are similar 
to those in larger animals. 

3. Changes in frequency and amplitude of positive ventilation of the lungs 
have no effect on cardiac output: on the other hand, with negative ventilation, 
when the tidal air volumes, which are indicative of changes" in intrathoracic 
pressure, are increased, then the cardiac output is also increased, frequency 
of respiration has no significant effect on cardiac output. 

4. Low cardiac outputs, due to low venous pressure, can be restored to the 
optimum by increasing the ‘intrathoracic negative pressure’ provided the 
arterial blood pressure is sufficient to maintain a good coronary circulation. 

6. An arterial blood pressure of 45 mm. Hg is regarded as critical for the 
continued activity of the heart of the rat. At pressures lower than this, and 
with low venous pressures, the heart rapidly fails. At this critical arterial 
pressure, and with a venous pressure of 30 mm. blood, no increase in ‘intra- 
thoracic negative presssure’ will effect a permanent restoration ofcardiac 
output and arterial blood pressure. > 


by a enmt from the Medical Besearch Cotmci 
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‘ACILITATION, INHIBITION AND DEPRESSION AT THE 
‘ARTIFICIAL SYNAPSE’ FORMED BY THE CUT END 
OF A MAMMALIAN NERVE 

By RAGNAS GRAATT ysd C. R. SKOGLim) 

From the Neurophysiological Laboratory, Karolinsha Insiiiutet, Stockholm 

{^Received 24 June 1944) 

In a lecent paper, ‘Fibre interaction in injnred or compressed region of 
nerve’, Granit, Leksell & Skoglund (1944) have given a brief account of the 
historical background of this problem and of their own finding, namelv, that 
electrical stimulation of one of the motor roots of the sciatic nerve (cats) 
elicits a discharge in the corresponding sensory root to rrhich it has been 
transmitted from an ‘artificial synapse’ formed by the cut end of the sciatic 
or the hamstring nerve. Several controls described in that paper, enabled 
them to localize the point of transmission to this region and to exclude 
stimulus escape. A very much smaller discharge or none at all is transmitted 
in the opposite direction, sensory to motor. The unidirectional properties of 
the artificial svnapse of the severed end of the nerve were ascribed to the 
lower rheobase and accommodation of mammalian sensory fibres as com- 
pared with motor fibres (Skoglund, 1942; Kugelberg, 1944; cf. for same result 
with frogs. Erlanger Blair, 1936). 

In this paper it will be shown that the artificial synapse has several pro- 
perties of theoretical interest which are of importance for an imderstanding 
of synaptic activity in general; moreover, Granit ei al. (1944) noted that the 
artificial synapse behaved like a real synapse in its dependence' upon the 
degree of anaesthesia of the animal. If the cats were drugged so that refiex 
activity was depressed, then the artificial synapse' also failed to transmit 
impulses. Nor did it work in asphyxiated nerves in which the spikes set up 
by an electrical stimulus were still practically normal In fact, in order to 
act as an artificial synapse the cut end must be in verv good condition. 
Decerebrate animals made good preparations unless they had lost too much 
blood: cats under ‘dial’ easily became too heavily narcotized. A chloralose 
namosis^ (about 5 c.c./kg. of a 1% solution)- was' found to give very mod 
endurmg preparations. ° ° 



436 


R. GRAN IT AND G. R. SEOGLUND 


Technique and proceddbe 
/ 


rig, 1 is a sohematio illustration of the m ann er in which the experiment was set up. In moat 
cases the stimulating electrodes (St) were on the motor root of 
L7, and the recording leads (Re) to the amplifier on its sensory S jV/ 


root. In some cases, and, later on in the. work, nearly always, 
the stimidating electrodes were on both L7 and SI or on each 
branch of the divided L7. Thus local interference between 
successive stimuli could be avoided. All branches from the 
main sciatic stem "were severed as far up as possible; all 
muscles around the spine and the hip were out across, and 
the leg completely denervated. These precautions are very 
important (of. Granit et al. 1944). For quantitative work it is 
best to out the whole sciatic stem, including the hamstring, at 
the same level so as to have a single reflecting cross-section. 
The effects from two cross-sections can interfere and thus cause 
complieationa (Granit et al. 1944). 

The stimuli were slowly repeated condenser shocks of less 
than lOOpsec. duration. Two stimidi, conditioning shock plus 
test shook repeated as a group, have mo^y been used. The 
conditioning stimulqs has then been synchronized with the 



sweep circuit of the cathode-ray oscillograph so that, each time 
the beam of the cathode-ray passes horizontally across the face 
of the tube, this movement starts at the moment of stimulation 
of the nerve. Thus, when the film slowly passes vertically across 
the beam, a series of successive pictures of its horizontal move- 
ment are obtained upon which are superimposed (vertically) 
(i) the volley elicited by the first stimulus, (ii) the shock artefact 
of the second stimulus followed by (iii) its volley (see Figs. 7, 8). 

The terms ‘afferent’ and ‘efferent’ will be used to refer to 
the regions of the artificial reflex arc wherein impulses 
travel towards or away from the synapse, independently of 
whether sensory or motor nerves are involved. 


Fig. 1. Diagram iUnstrating 
stimulating electrodes (St) on 
motor root (JR) and recording 
electrodes (Re) on sensory root 
(S)'. Sei, sciatic nerve; Spgl, 
spinal ganglion. In order to 
avoid interference between 
two reflecting cross-sections 
the whole merve should be 
severed at the region marked 
by horizontal broken line. 


Results 

1. Two modes of action of the artificial synapse 
Rhythmic synapses. It was noted by Adrian (1930) tljat the ‘injury dis- 
cliarge from the cut peripheral end of a mammalian nerve is often rhythmically 
synchronized into beats. The rhythmic discharge gradually disappears. In 
Fig. 2 a the discharge, picked up from the sensory root immediately after 
severance of the sciatic nerve, consists of synchronized beats at about 
140 per sec. That these are coming from the cut end of the nerve is easily 
shown by several tests involving interference of some sort or other Avith 
that end. The records a show a set of successive pictures taken at the usua 
rate of 1—2 per sec. Upon these faster beats are superimposed slower rhythms 
which cause variations in their amplitude. The two upper records 6 were 
taken in succession, somewhat later after cutting the nerve, by which time 
the rhythmic discharge had diminished. Then a single stimulating shock to 
the (St) electrodes on the motor root was synchronized with the sweep so 
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consisted of two or three beats gradually damping out, the first volley always 
much larger than the secondary waves (see Figs. 7, 8). Finally, in some cases, 
when the ‘reflex’ response was as simple as the original motor volley from 
L7 and merely differed from it in being spread out over a longer duration, 
it was nevertheless possible to demonstrate by appropriate tests that periodic 
changes of excitability took place at the synapse. These will be discussed in 
the later sectioris of this paper. 

The great majority of aidificial synapses show some signs of rhythmic 
behaviour, gradually becoming less marked in an ageing preparation. But 
full rhythmic activity may then be restored by the simple expedient of 
making a fresh section farther up the nerve. For this reason it is suspected 
that non-rhythmic synapses are merely less active synapses. The easiest way 
of producing aperiodic synapses is by drugging the animals so deeply that 
general reflex irritability is depressed. 



Interval in msec. ^ 

Fig. 3. Non-rhythmio artificial synapse. Abscissae: interval between conditioning shock an 
test shock in msec. Ordinates: relative excitability =si20 of second response eipressc 
percentage of normal control Two different experiments. See text. 


The non-rhythmic synapse. In the experiments of Fig. 3 two stimuli, con 
flit, in nin g stimulus and test stimulus, have been used. The test stimu us 
approaches the conditioning stimulus and consequently the relayed effect 
diminishes when the second stimulus falls during the state of refractoriness 
left by the first. This diminution is iUustrated on a percentage basis against 
interval between the stimuli as abscissa. In the lower curve there is a s ig 
indication of a hump at 5-6 msec. The upper curve is from another expert 
ment with another animal. The refractoriness becomes absolute at 
interval between the stimuli of about 2-7 msec. The term a so ute re 
fractoriness ’, that here refers to the ‘reflex arc , is used as a conveni ^ 
shortening for ‘least interval' during which second stimu us is me ec v 
The two consecutive stimuli (causing maximal relaye waves) were 
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- aeuw . - 1 — 

period’ is Ae synapse (see below) 


2 n^‘ absolute refractoriness’. The ^ synaptic delay’ 

^...tldrty-seven — 

td" c. tbe arithn^etical .ean°2.T5. These .easn.e- 

ments ate ftom different experunents repre- 
senting all kinds of artificial synapses: &esh 
sections, old sections, rhythmic and non- 

rhythmic ones, etc. , . ^ 

The synaptic delay was found by subtract- 
ing from the total latent period of the reflex 
response the conduction times m the A granp 
of motor and sensory fibres, as measured by a 
faster sweep. In such experiments it was 
found best to use the response relayed from 
the cut end of the hamstring nerve and keep 
the recording electrodes for measuring con- 



tllC - r T- . 

duction velocity on the intact sciatic at the r.g^i 


1 2 3 

Interval in msec- 
Distribution of absolute le- 


ftactoriness of artificial synapse over 
thirty-sevenesperimenta. Ordinates: 
number of experiments at the dif- 
ferent refractory periods grouped 
togetherforeachO-Smsec. Abscissae 
absolute refractory periods in msec. 


point where the hamstring was severed. 

Values of the order of 0-1-0-3 msec, were 
found for the synaptic delay. These are just 
at the limits of accuracy of the experiment, 

considering that the exact position of the . , , . , - c . 

synapse is unknown. It is concluded that the synaptic delay is so brief as to 
necessitate an electrical mechanism of excitation, comparable with the one 
responsible for the propagation of the action potential along the nerve. The 
same conclusion is suggested by Renshaw & Therman’s (1941) interesting 
analysis of a response relayed into the sensory roots &om a cross-section in 
the spinal cord. 

3 . Bhythnic synapse and nerve compared 

The method of applying a test stimulus immediately after a conditioning 
stimulus has, of course, repeatedly been used with nerve (see especially 
Graham k Lorente de No, 1938, for work with blood-perfused mammalian 
nerve) and certain facts have become firmly established. Less is known 
about periodic changes of excitability following a conditiomng shock and 
studied, e.g. by Erlanger & Blair (1936) and Lehmann (1937), though the 
available literature suggests that the rhjthmic tendency is greatly favoured 

00 
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consisted of two or three beats gradually damping out, the first volley always 
much larger than the secondary waves (see Figs. 7, 8). Finally, in some cases, 
when the reflex’ response was as simple as the original motor volley from 
L7 and merely differed from it in being spread out over a longer duration, 
it was nevertheless possible to demonstrate by appropriate tests that periodic 
changes of excitability took place at the synapse. These will be discussed in 
the later sections of this paper. 

The great majority of artificial synapses show some signs of rhythmic 
behaviour, gradually becoming less marked in an ageing preparation. But 
full rhythmic activity may then be restored by the simple expedient of 
making a fresh section farther up the nerve. For this reason it is suspected 
that non-rhythmic synapses are merely less active synapses. The easiest way 
of producing aperiodic synapses is by drugging the animals so deeply that 
general reflex irritability is depressed. 



Interval in msec. 

Fig. 3. Non-rhythmio artificial synapse. Abscissae: interval between conditioning shock and 
teat shook in msec. Ordinates: relative excitability = size of second response expressed as 
percentage of normal control Two different experiments. See text. 

The non-rhythmic synapse. In the experiments of Fig. 3 two stimuli, con 
dit, in nin g stimulus and test stimulus, have been used. The test stimulus 
approaches the conditioning stimulus and consequently the relayed effect 
diminishes when the second stimulus falls during the state of refiractoriness 
left by the first. This diminution is illustrated on a percentage basis against 
interval between the stimuli as abscissa. In the lower curve there is a slight 
indication of a hump at 5—6 msec. The upper curve is from another experi 
ment with another animal. The refiractoriness becomes absolute at an 
interval between the stimuli of about 2-7 msec. The term absolute re 
firactoriness ’, that here refers to the ‘reflex arc , is used as a convement 
shortening for ‘least interval' during which second stimulus is ineffective . 
The two consecutive stimuli (causing maximal relayed waves) were in 




SEVERED NERVE AS ARTIFICIAL SYNAPSE 439 

case deHvered to the same St electrodes but a great number of control 
experimentSj^ demonstrating refractoriness for stimuli to different branches of 
L7, have shown beyond doubt that the seat of this long ‘absolute refractory 
period’ is the synapse (see below). 

2. TheJ absolute ref ractorines3\ The ' synaptic delay’ 

From thirty-seven measurements of the absolute refractoriness of the 
artificial reflex the statistical distribution curve of Fig. 4 was plotted. The 
extremes are 1 and 4-5 msec.; the arithmetical mean 2-75. These measure- 
ments are from different experiments repre- 
senting all kinds of artificial synapses: fresh 
sections, old sections, rhythmic and non- 
rhythmic ones, etc. 

The synaptic delay was found by subtract- 
ing &om the total latent period of the ‘reflex’ 
response the conduction times in the A group 
of motor and sensory fibres, as measured by a 
faster sweep. In such experiments it was 
foxmd best to use the response relayed from 
the cut end of the hamstring nerve and keep 
the recording electrodes for measuring con- 
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thirty-sevenexperiments. Ordinates: 
number of experiments at the dif- 
ferent refractory periods grouped 
togetherforeachO'Smsec. Abscissae 
absolute refractory periods in msec. 


0 I 2 3 ' 4 5 

Interval in msec. 

duction velocity on the intact sciatic at the Fig. 4. Distribution of absolute re- 
point where the hamstring was severed, fraotoriness of artificial synapse over 

Values of the order of 0- 1-0-3 msec, were 
found for the synaptic delay. These are just 
at the limits of accuracy of the experiment, 
considering that the exact position of the 
synapse is unknoivn. It is concluded that the synaptic delay is so brief as to 
necessitate an electrical mechanism of excitation, comparable with the one 
responsible for the propagation of the action potential along the nerve. The 
same conclusion is suggested by Renshaw & Therman’s (1941) interesting 
analysis of a response relayed into the sensory roots from a cross-section m 
the spinal cord. 

3. Rhythmic synapse and nerve compared 

The method of applying a test stimulus immediately after a conditioning 
stimulus has, of course, repeatedly been used with nerve (see especiaU? 
Graham & Lorente de No, 1938, for work with blood-perfused maiLalial 
nerve) and certam facts have become firmly established. Less is known 
about penodic changes of excitability foUowing a conditioning sho<i and 
studied e g. by Erlanger & Blair (1936) and Lehmann (193^ though the 
availaWe hterature suggests that the rhythmic tendency is greatly favourtl 


pu. cm. 


29 




440 


R. ORANIT AND C. R. SKOGLUND 

by di min ished accommodation, v. Briicke, Early & Forbes (1941) speak of 
the recovery of ‘responsiveness’ when conditioning and test shock are strong; 
when the second shock is weaker the method measures ‘excitabihty’. These 
terms will be used below in comparing a pure nerve experiment dealing with 
both ‘responsiveness’ and ‘excitability’ with a similar synapse experiment 
utilizing the same stimulating electrodes. In the nerve experiment the leads 
were at the cut end of the sciatic, in the synapse experiment on the sensory 
root L7 in the usual marmer. The stimulating electrodes were on the motor L7. 

Some records from the nerve experiment on responsiveness are found in 
Fig. b and the whole experiment is graphi- 
cally summarized by curve 2 of Fig. 6. It 
gave for nerve the brief absolute refractory 
period of 0-4 msec. The second stimulus 
was uninfluenced by the first as long as the 
interval between the stimuli was greater 
than 2-5 msec. The recording electrodes ■ 
were next shifted to the sensory root in 
order to repeat the same experiment with 
the artificial reflex. The stimuli were un- 
changed and Just supramaximal. The 
relayed effects of conditioning and test 
stimulus alone^ are shown as 1 and 2 of 
Fig. 7. The interval between the stimuli 
was then systematically shortened, as shown 
in records 3-12 of the same figure. It is seen 
that, as the interval shortened, the second 
response passed through periodic maxima 
and minima of excitability. This experi- 
ment is reproduced as cmve 1 of Fig. 6. 

At an interval of about 4 msec, the second 
volley actually was facilitated above its normal level, found in record 2. 

On returning the recording electrodes once more to the cut end of the 
nerve, but ■with the effect of the test shock dimmished to 75 % of the con 
tin ning shock, the-recovery curve numbered 3 of Fig. 6 was obtained.^ a 
this case excitability was measured, though merely graded in terms of size 
of the response relative to normal’ in order to have the same ordinates as 
in the measurement of the ‘reflex’. 

Curve 3 should be compared wdth curves 1 and 2 in order to show t at e 
introduction of an artificial synapse in the conducting nerve path, espi 
the use of supramaximal stimuli (curves 1 and 2), change an experimen 
responsivensss (curve 2) into one dealing wdth excitability. urve 
that similar curves are obtained with a pure nerve preparation y app op 



Eig. 6. Eecovery of ‘respondfeness 
in motor L7. Couditioamg stimnhu, 
eJloits sweep movement to the extreme 
left, test stimuJns at the moment 
marked by small shock artefact (see 
arrow in record 1). Both stimuli supra 
maximal The ensuing waves, as re- 
corded at the cut end of the nerve 
(the ‘synapse’), approach each othM 
from 1 to 4. Eecovery curve plotted 
as curve 2 of Fig. 6. Time in msec. 
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4. Depression at the synapse 

ness in states of absolute and relative refraotori- 

siffnifips d followed by a depression which by no means 

gnihe^ a dying synapse. Fig. 8 illustrates an experiment of this kind. 


Rg. 8. synapse with marked depression. 1, test stimulus control preceded by laige 

8 oc e act, 2-9, ahort^ning of interval between conditioning and teat stimulua. Time 

in mcAi> 



Record 1 is a control of the test stimulus alone. No increase of stimulus 
strength increased the relayed response which thus was maximal. In record 2 
this stimulus was preceded by the conditioning stimulus. From 2 to 9 the 
interval was shortened. It is seen that throughout the illustrated intervals 
(from about 3 to 13 msec.) the test volley is below the level of its control 
(record 1) and thus depressed in size, even though within this depression 
there is a peak of relative facilitation in record 5, as compared with the 
records on either side of it. 

In Fig. 9 some graphs of experiments with marked depression have been 
drawn for comparison. At the critical interval of 4—6 msec, there has been 
facilitation in the Exps. 1 and 2. In Exp. 2 the depression below the normal 
level of 100 lasted for about 32 msec., in Exp. 2 for 65 msec. In Exp. 3 of 
Fig. 9 the depression was unusually heavy. The test volley was at 40% of 
its normal size at an interval of 16 msec., and the depression lasted for 44 msec. 
There was no facilitation so that the synapse may be said to have belonged 
to the non-rhythrmc type. But in the beginning of the experiment, as long 
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as the section was fresli, there had been an initial faciHtatory peat around 
4 msec. Cnrs-e 3 is of especial interest also because in this case the stimu- 
lating electrodes were on different motor roots, the conditioning shock being 
deUvered to L7, the test shock to SI. The recording leads were on the sensory 
L7 in the usual manner. 

It is concluded from these facts that neither the early facilitation nor the 
depression require that the impulse volleys should pass along identical 
‘ afferent ’ fibres. The stimulating volleys for the sjmapse can also converge 
towards the cut end in different fibres. In several experiments converging 
afferents ’ were used in. order to esclnde processes under the electrodes. 

Depression is certainly common in ageing synapses but this is not the 
whole explanation of the phenomenon. It must also depend upon other 
factors as yet nnknown. 



Fig. 9. iIeasaKment3 of escitabilky in Uiree di&rent artificial synapses -Kitii marked depressio: 

Abscissae: iaterral benreen conditioning and test shock as in Fig. 0. See text. 

There is evidence to show that the states of depression are additive. Tht 
depression can easily be augmented by reperition of the stimulation at fast* 
rates than 1-3 per sec., the rates which were used in most experiments, 
the relayed ToUeys consisted of primary and secondary waves (Fig. 7) tho 
with the longest latent periods disappeared first so that, nnder the influen 
of a gradually increasing frequency of stimulation, the relayed discharo-e w 
cut down &om its tail end. At higher ftequencies the reflex discharcre w 
completely blocked at a frequency which did not very much affect the prima 
‘afferent’ volley conducted to the synapse. 

5. Some properties of (he periodic changes of excitability 
In some experiments the periodic changes of excitabditv of the artific 
synapse have been foUowed for several periods. This wa^ the case in t 
experiment of Fig. 10. The lower curve illustrates a combination of deptessi 
wth the charactensnc periodic facilitation and inhibirion superimposed. 1 
rhythm is gradually damping ont in the typical manner. The upper curv 
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•is from the same experiment but the test shock has now been made somewhat 
weaker so that the reflex response elicited by this shock was 84% of the one 



Fig. 10. Meaaurementa of excitabiKty in rhythmic artificial synapse with the method of cod* 
ditioning shock and test shook as in Fig. 6. Fully^eiplained in text. 


caused by the conditioning shock. This increased the crests of facilitation 
and the troughs of inhibition. Now a 
synapse is a gradually changing focus of 
cross-excitation so that comparative ex- 
periments of this kind cannot refer to 
exactly identical conditions, for it takes 
some time to complete a set of observa- 
tions. However, this gradual change is in 
the direction of a diminution of amplitude 
of aU periodic variations and an augmenta- 
tion of depression. Jn this case, however, 
the experiment with the weaker test shock 
(curve 2) succeeded the one with less 
facilitation .and more depression (curve 1). 

It is therefore held to be fuUy reliable and 
probably representing a phenomenon, 
which in the ter min ology of Sherrington 
and his collaborators (Creed, Denny Brown, , 

Eccles & Sherrington, 1932), may be called 
‘occlusion’. It means that with maximal 
relayed volleys (curve 1) so many fibres of Fig. ii 



Interval in msec. 

Peak of increased excitability 
after conditioning shock in a single 


, . c ,11 1 1 1 alter 

the neurone pool have been engaged by See text. 

the test volley that a smaller margin of , , r e 

fibres is left for facilitation. If the test shock is weakened the changes o 

excitability at the synapse have a greater chance of adding to or su rac m^. 
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from the artificial reflex. Very weak test shocks have not been used on account 
of the irregularities that tend to complicate such measurements. 

■ The greatest facifitation ever seen in one of these experiments is illustrated 
-in Fig. 11. It reached 276% of the normal level of the isolated control. 
There, as in so many other cases, the peak of facilitation was exceedingly 
sharp. It is seen at an interval of about 4r-5 msec, in Fig. 11. 

The first facilitation maximum is the most constant in these experiments. 
It is generally at some interval between. 4 and 6 msec. The second varies 
from 8 to 12 msec., and the third fluctuates still more. In some good experi- 
ments there have been three peaks of facihtation at 4, 8 and 12 msec. 
Between them there have been the typical troughs of inhibition. This corre- 
sponds to a frequency of 250 oscillations per sec. As pointed out above, the 
fluctuations of excitability are often large enough for the conditioning shock 
alone to cause a similarly fluctuating discharge to emanate from the synapse, 
and in many nerves the fresh cross-section discharges spontaneously at the 
same rate for several seconds, in some even for minutes. The maximal fre- 
quencies observed for the fluctuations in excitabdity have been around 
300 per sec. It is impossible to note such facts without questioning whether 
or not the normal repetitive discharge of neurones is an expression of similar 
rhythmic fluctuations. 


6. Overlapping shocks to different roots 

It was expected that the use of different adjacent roots, or division of L7 
into two halves, for conditioning and test shocks would make it possible to 
have the two shocks approaching each other with only moderate signs of 
interference, but this was not found to be the case. On the contrary, the 
results in this arrangement differed relatively little from those obtained when 
the shocks were delivered to the same electrodes. Both general depression 
and the periodic changes in excitability were again found (cf. § 4). Depending 
upon the preparation used and upon stimulus strength, the refractoriness 
became ‘absolute’ or merely ‘relative’ at short intervals. Precise summation 
of the reflex volleys was seen for coinciding stimuli but never a'‘ reflex’ over- 
shooting the sum of the volleys caused by conditioning shock and test shock 
controls. It is possible that facilitation at coincidence would have been 
obtained if weak stimuli had been used. However, since the artificial reflex 
was unstable with weak stimuli, ell experiments in which the effects from an 
undivided root were compared with those, obtained when its components were 
separated into two halves, were carried out with strong stimuli. 

Especially interesting is the experiment illustrated in Fie 12 The stimnli 
were applied to the motor L7 and Si. and the relayed response was record^ 
from the sensory L7. The reflex effecte were maximal but this meant that SI 
elicited a response 67% of that initiated from L7. To the left of zero 'in the 
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diagram, L7 received the conditioning shock, to the right of it the stimuli 
had overlapped and Si received the conditioning shock. 

The following points shoidd be noted; whichever shock went first, it alwap 
left a period of absolute refractoriness for the other, as shown by the figure 
to either side of zeio. Both^ curves indicate a generalized depression, which 
was most evident with Si leading; with ‘L7 leading’ the depression was 
interrupted by a fairly large peak of facihtation. At coincidence the relayed 
volley had the size of the larger response (from L7). They did not sum. 



Interval In msec. 

Fig. 12. Eflfeot of snoceasiva stimuli applied to L7 and SI on the eioitability of the synsps®' 

See tost. 

The experiment raises the question: how could SI, which only activated 
67 % of the number of fibres engaged by L7, leave the reflex path absolute y 
refractory for L7. The answer can only be that SI has caused such a large 
generalized depression in the synapse, that the remaining 33 % of the fibres 
of the ‘ final common path ’ were also affected. The peak of facilitation suggests 
that the two reflexes have had a final common path, but, as long as the fibres 
have not been identified and the mechanism of excitation is not fuUy nu er 
stood, it is also best not to overemphasize thb parallels with well taown 
results from the work on the spinal cord. How depression spreads m 
artificial synapse is as yet unknown. 


Discussion 

When Hering (1882) first found cross-excitation at a cut end of the sciatic 
plexus of frogs, it had the character of an exceptional phenomenon, pres 
only in animals showing signs of increased irritability. In cats this situa lo 
appears to be the normal state of affairs, probably on account o t 
accommodation of the sensory fibres in this animal (Skoglund, 1 )■ “ 

&Monnier(1938)foundcross-excitationmcrabnerve, andArvam a i 

showed that the impulse passed across two parallel, adjacent an pa ^ 
lapping crab nerves, provided that the ‘efferent’ contact pomt of the artificial 
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svnapse had been treated with citrate. From this ttork one might conclnde- 
and it seems to have been concluded— that cross-excitation easily tabes place 
in crab nerves. Later, however, Katz & Schmitt (1940) have shown that 
in such nerves also there is a large safety margin provided for isolated 
conduction. This paper and that of Granit et al (1944) emphasize that the 
correct explanation of the results of Jasper & Monnier must be that in their 
cases too the effect was localized to the cut ends of the nerves tested. This 
would explain their long ‘synaptic delay’. 

In her crab nerve synapse, treated with citrate, Arvanitald (1940 a, c) has 
found a series of oscillating ‘local potentials’. The first effect of the efferent 
impulse is a negative ‘local response’, called the ‘pre-potential’, identical 
with the local response of Arvanitald (1936) and Hodgkin (1938). In synapses 
of the rhythmic type it is succeeded by farther oscillations, ‘consecutive 
potentials’, gradnaUy damping out. The impulses are generated on top of 
these local changes. Vith leads at the artificial synapse, formed by the cut 
end'of the cat sciatic, we have also found similar oscillating potentials which 
in some cases have not been conducted away to the sensory root. 'The excita- 
bility changes have varied in parallel with those potentials. We hope to return 
to this aspect of the problem with a detailed mvestigation of the phenomena 
at the synapse itself. 

It would seem to be justifiable to regard the processes at the artificial 
synapse as something not very far removed from probable events at a real 
synapse. Bernhard (1944) has recently studied the interaction of a condi- 
tioning stimulus to the popliteal nerve with a test stimulus placed in the 
spmal cord itself (cats). The effect was recorded in the ipsilateral peroneal 
nerve. The stimulus to the popliteal nerve was found to be succeeded by a 
fast periodic variation of excitability strongly reminiscent of the effects 
described in this paper. Quite often a single shock to the spinal cord is seen 
to elicit a series of rhythmic oscillations of grouped impulses in the efirerent 
nerve (cf. Lloyd, 1941). Bernhard Granit (1942) have shown that this 
complex relayed- response is cut down firom the tail end when stimulus fre- 
quency is increased, just as is the case with the volleys relayed from the 
artificial synapse under similar circumstances. 

To sum up, without stressing the analogies, we may say that the work with 
artificial synapses in peripheral nerve provides an enconragiag approach to 
the physiology of the central nervous system. 


SciDLifiY 


1. The cut end of the cat’s sciatic nerve forms an artificial svnapse 
wWch a volley passing in the motor fibres is relayed across to the sense 
fibres. The effect, established by Granit et al. (1944), is here analysed fr, 
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the point of view of the changes of excitability which transmission of a volley 
across the ‘ synapse ’ elicits in the latter. 

2. Most artificial synapses respond to a single shock to the motor roots 
by setting up a periodic variation of excitability, always preceded by a state 
of refractoriness. The periodic variation in excitability and the preceding 
refractoriness have been analysed with the aid of a second test shock. The 
relayed response of the test shock is facilitated or inhibited, depending upon 
whether it falls in the crest or trough of the periodic change of excitability 
left by the conditioning shock. It is immaterial whether the. two shocks are 
given to the same root, to separate branches of the same root, or to adjacent 
roots sending fibres to the cut end which is acting as synapse. 

3. In some synapses the periodic changes are superimposed upon a 
generalized depression of excitability, left by the conditioning shock. 

4. The artificial synapse does not transmit impulses unless the anaesthesia 
is light and the animal is reflexly active. 

We are indebted to the Rockefeller Foundation for a grant to this laborator 7 . 
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THE MECHANISM OF WATER DIURESIS IN 
NORMAL RATS AND RABBITS AS ANALYSED 
BY INULIN AND DIODONE CLEARANCES 

By-S. B. dicker aud H. HELLER 
From the Department of Pharmacology, University of Bristol 

[Beceived 1 July 1944) 

Renal clearances of inulin and diodone, and hence certain important aspects 
of renal function, have hitherto only been incompletely studied in small 
laboratory animals. Kaplan & Smith (1935) estimated inulin clearances in 
rabbits and found that, in contrast to certain other mammalian species like 
the dog and human adults, inulin clearances increased with increasing urine 
flow. Diodone clearances in rabbits do not seem to have been recorded. 
Determination of inulin and diodone clearances in rats have recently been 
reported (Friedman & Livingstone, 1942). However, there are several features 
of the experimental technique used by these investigators which wotdd seem 
to limit the usefulness of their results. (1) The urine samples were obtained 
from anaesthetized animals (type of anaesthetic not stated). (2) Owing pro- 
bably to the use of an anaesthetic, the urine flow of their animals was uniformly 
very low (m. =0-0033 ml./lOO g./min., s.d.= ±0-00167) and this in spite of the 
fact that a saline diuretic (2 % sodium sulphate) had been administered some 
time before the experiment started. (3) Friedman & Livingstone’s results, 
based on experiments on animals with a very limited range of urine flow, do 
not make it clear whether inulin clearances, and thus glomerular filtration 
rates, of rats change with alterations in urine flow. That is to say, it is- not 
possible to see from their experiments whether, with reference to this im- 
portant feature, renal function in the rat conforms to the ‘rabbit type’ or to 
the ’human type’ of kidney. 

It is clear that the interrelation between inulin and diodone clearances and 
rate of urine flow had to be ascertained if, as in the present case, clearance 
determinations on normal rats and rabbits were meant to precede work which 
would involve experimental changes of renal function. A study of the renal 
mechanism of water diuresis was implicit in such an investigation. 
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Methods 


onimals. T^rty-five male adult albino rata and eight rabbits (7 <?, 1 $) were oseA 
XT of Vitamin A Test Diet (U.S. Pharmacopoeii 

fn ' 1 1 o 1 ^ ^ addition of cod-liver oil and tocopherol. The animals received this diet 

wee fore experiments started and then throughout the period of experimentatioD. 
e average weight of the rats, before experiments started, was 181-3 g. An average inorease of 
V ^ ^ after 3 months suggested that the experimental procedorea performed 

t Poriod did not interfere with the health of these animals, 
ihe rabbits received oats and water and oats and greens on alternate days. 

A procedures /or the deJerminatio/i of simuUaTieotts inulm and diodone clearances. 

. , * V * diodone were injeeted anboutaneonsly as one injection. This mode of admin* , 

^ been used with satisfactory results by several investigators (Eindley & 

wmte, 19i0; Hembeoker, Rolf & White, 1943; Bobey, Longley, Diokes, Price & Hayman. 1943). 

e OSes per animal ranged finm 2 0 to 4*0 ml. of a 5 % solution of inulin in physiological saline 
an rom 0 3 to 0-8 ml, of a 36 % solution of diodone. The amounts injected varied according to 
the approximate serum level desired. 


. routine procedure for determining the clearances was as follows: Thirty minutes after the 
injection of inulin and diodone the rats received 6 % of their body weight of tepid water by 
stomach tube. The administration of this fairly large volume of fluid did not only have the 
a vantage of yielding an extensive range of urinaiy excretion rates, but enabled short periods to 
be used for the coUeotion of urine. Sixty minutes after the injection the animals’ bladders were 
emptied. Handling or prodding proved an effective stimulus for micturition, but the application 
of suprapubic pressure was used as a ipeasure of control. Each rat was then placed in a specially 
devised small metabolism cage. A floor space diameter of 6 in., and spacing of the floor wire at 
0-6 in., ensured m in i m al losses of urine. At about 76 min. the bladder was again emptied, using 
the ^me method as before, and the urine carefully collected and measuretL The time from the 
placing of the animal in the metabolism cage to the time of obtaining the last drops of urine, the 
urine collecting period’, varied from 10 to 26 min -, accor din g to the urine flow of the animal. 
Individual urine collecting periods were timed with the utmost accuracy attainable. 

Immediately after the end of the urine collecting period the animals were anaesthetized and 
blood taken finm the tail. The amount of blood taken for each clearance experiment did not 
exceed 2*5 ml. The anaesthetic used initially was pentobarbital sodium (0’46 ml. of a 0*8 % 
solution per 100 g, rat) but light ether anaesthesia was later found to be more suitable. The short 
duration of our urine collecting period enabled us to dispense with a ‘mid-period’ blood collection. 
Anaesthesia in rats during the urine collecting period would have produced an inhibition of diuresis 
(Heller &; Smirk, 1932) which, in turn, would have forced us to extend the period of urine collection 
to a length which would have deprived a ‘ mid-period * blood collection of its theoretical advantage. 
The possibility of a pharmacological effect of the anaestl^etio on renal function was a further 
factor which rendered a mid-period blood collection inadvisable. Such a pharmacological effect, 
leading to abnormal clearance values, has recently been noted by Corcoran & Page (1943), following 
the use of pentobarbital sodium in the dog. 

Up to five simultaneous clearance determinations of inulin and diodone were performed on one 
rat at intervals of four weeks. In order to determine whether the repeated bleeding pr^uced any 
per man ent dilution of the blood, a series of haematocrit estimations were performed at suitable 
intervals. No signiflcant changes were found in rats which had been bled repeatedly. It is likely, 
therefore, that as far as the physical properties of the blood were concerned, the-'Clcarance deter- 
minations on the same animfl] were done under comparable conditions. 

B, Rabbits. Inulin and diodone were administeied as one subcutaneous injection. The doses 
per animal ranged fix)m 6 to 20 ml, of a 10 % solution of'inulin and fitjm 2 to 6 ml. of a 35 % 
solution of diodone. The following was the routine procedure used: TVo hours after the injection 
of inulin and diodone the animal Tvas given 6 % of its body weight of tepid water by stomach tube. 
The same dose of water was again given 1 hr. later. One hour after the second administration of 
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water the bladder was emptied by mprapahic preesnie; the animal was then plared in 
holism cage and the npne coHectmg i«iod started. The dnration of the nnne coUectog pen^ 
varied from 10 to 25 min., according to the rate of urine flow. Individual nrme coUechng ^no^ 
were timed accurately. Blood samples from the marginal ear vein were obtained imm^tely 
after the end of the urine collecting period. Several clearance determinations were usually per- 
formed on the same animal during the same day. A third dose of water was sometimes pven after 

the first collection of blood. j o ■ i. r- i j • 

Anal^ical meihods, Tnnlm in sernm and urine iraa detennined by tbe metbod of Smith, Goldring 
& Chasia (193S). By this method inulin has a glucose equivalent of about 100 % and all figures 
are reported as apparent glucose. Biodone iodine in Eemm and urine was detennined by 
Alpert’a {mi) method, mite & Rolf a (1940) method was tried but was found to be less 
accurate. A series of control eiperimenta showed that there was no essential difference between 
the results of inulin and diodone estimations in serum or in plasma. 

The inulin and diodone preparations nsed were Inulin (Kerfoot and Co.) and Per-Abrodil 
{Bayer Products Ltd.). 

Inulin and diodone clearances (Ciy and Cx>) have been e3:pre£sed as mh/lOO g. body weight/ min . 
Considering that surfeice determinations would have been based on body weight, it was felt that 
no advantage would have been gained by relating clearances to body szzrfece. Definitions and 
methods of calculation of the other renal functions analysed conform to those of Smith and his 
co-worters. 

The following formula was used to calculate the rate of tubular excretion of diodone (Tp): 


Td = ( 


£d 

^.Cis 


in’ j DCix, 


where I)=:amQunt of diodooe iodine per mh of plasma, fT = 1-00 - 


% plasma solids 
100 


, i'=pla3ma 


diodone iodine/nltiafiltrable diodone iodine ratio. The values for IT and F of rat plasma were 
taken &om the paper of Friedman i Livingstone (1942). The values for IT and F of rabbit plasma 
were determined by the following methods: 

Dcitrminaiion of W. Samples of heparin plasma Were obtained from five animals. The plasma 
solids were estimated by drying at 103’ C. Duplicate determinations gave 7-50:iO-031 % as the 
mean value of the plasma solids of the five samples. IT, calculated according to the above formnla, 
was therefore 0-925. 


Dftarmination of F. About 10 mb of blood from the marginal ear vein of an nnanaesthetired 
rabbit, which had been injected with diodone, were collected under paraffin in a centrifuge tube 
containing heparin and immediately centrifuged. A part of the plasma was passed through a 
Bechold (glacial acetic acid-pyroxylin) ultrafilter. Diodone iodine was estimated both in the 
plasma and in the ultrafiltrate: the plasma iodine/ultrafiltrale iodine ratio was then calculated. 
Such determinations were made on plasma samples of six .snim-sls and gave 0-70:~0-017 (s.E. of 
mean of six observations) as the mean value of the ratio. The mean value of F adopted for use in 
the formula for Tp was 0-7. 


Results 

Rats. 104 simultaneous clearance determinations of inulin and diodone 
were performed on 35 rats. A survey of the values obtained for inulin clear- 
ances showed that they remained approximately constant with variations of 
seram midin concentrations ranging from 5 to 314 mg./lOO ml. serum. To 
substantiate this statement the clearances were expressed as a mean and 
standard error for three groups, those with low (5-20 mg./lOO ml;), medium 
(1-60 mg.; 100 ml. and high (61-314 mg./lOO ml.) serum innlin concentra- 
1 ^. The mean clearance of the first group was 0-365 ±0-0188 (18) ml / 
00 g.,mm., that of the second group 0-357 ±0-00&7 (54) ml./lOO g./min and 
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that of the third group 0-337 ±0-0138 (32) ml./100 g./min. A comparison of 
7 yielded the -foDowing figures for t j^nd P (see Fisher & Yates, 

1943): a comparison of the means of the first and second group gave 0-408, 
P< 0-7 >0-6, a comparison of the means of the second and third ^oup t = 1-220, 
< 0 3 > 0 2 and a comparison of the means of the first and third gronp 
f 1 292, P < 0-3 > 0-2. It 'will be seen that none of the values of t are signi- 
cant. There is therefore no e'vidence for a significant difference between the 
mean clearances of the three groups. 



Urine flow (mL/lOO g./min.) 


Fig. 1. A, normal adult rata; B, normal adult rabbits. Inulin clearance (Ojy) 
in relation to rate of urine flow. 

The survey of the values for inulin clearances showed further that they 
remained approximately constant with variations of urine flow ranging from 
0-0036 to 0-1030 ml./lOO g./min. (Fig. lA). In other words, the glomerular 
filtration rate stayed practically constant even at the very low and the very 
high rates of urine formation encountered in our experiments. The mean 
value of ^IjV obtained from all the experiments of these series was 0-361 ± 
0-0027 (104) ml./lOO g./min. 
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Diodone clearances in rats were determined at blood iodine levek ranging 
from 0-58 to 164-97 mg. I/lOO ml., and variations of urine flow ranging from 
0-0035 to 0-1030 ml./lOO g./min. Fig. 2 shows that, as in man or the dog, 

(a) high clearance values were obtained at low blood diodone levels, (6) the 
diodone clearances decreased with a rise in the blood diodone level, and (c) as a 
consequence of the constant glomerular filtration rate (Fig. 1 A) GjyjCo increased 
with the depression of the diodone clearance. The first point on the cmve 
representing the mean of the highest diodone clearances obtained in our series, 
may be regarded as a measure of the renal plasma flow in normal adxiit rats. 

There appeared to be no significant change of the diodone clearance with an 
increase in urine fiow. This could be demonstrated in the following maimer; 
Cj) values obtained at low blood diodone levels (0-58-4-68 mg. I/lOO mh serum) 
were selected and divided into two groups which differed in the rate of urine 
flow at which Cjj had been estimated. The first group comprising urinary 
excretion rates ranging from 0-0140 to 0-0305 ml./lOO g./min. gave a mean 
Co of 1-77 + 0-211 (8) ml./lOO g./min. The second group comprising urinary 
excretion rates ranging from 0-0320 to 0-0666 ml./lOO g./min. gave a mean 
Co of 2-09 ±0-178 (10) ml./lOO g./min. A comparison of these means gave 

1-171 and P< 0-3 >0-2. In -other words, the difference between the means 
was statistically not significant. The means of the blood diodone concentra- 
tions (in terms of diodone iodine) at which the Cj) values had been obtained 
were 3-00 + 0-399 (8) mg. I/lOO mb for the first group and 2-43 + 0-415 (10) 
mg. I/lOO ml. for the second group. The difference between these means was 
not significant (f = 0-972, P < 0-4 > 0-3) showing that the two groups came fi^om 
the same population. The conclusion that the diodone clearances in the rat 
which were obtained at low blood diodone levels did not increase with an 
increase of urine fiow seems therefore justified. 

In order to facilitate the estimation of the maximal rate of tubular excretion 
of diodone (Tw^,) from our data, the Tj) values were divided into classes and 


the mean of each class calculated. It will be seen from Fig. 2 that the blood 
iodine level of classes I-IV rises by 2 mg./lOO nd. serum, that of classes V and . 
Y1 by 4 mg./lOO ml. serum and that of class YII by 8 mg./lOO ml. serum; 
experiments done at still higher blood iodine levels are not represented on the 
figure. The progressive depression of the mean clearance valub with the rise 
of the blood diodone content is clearly discernible. It will also be seen that the 
mean value of the first four classes increased proportionately to the rise 
of the blood diodone content. However, once the diodone iodine level had 
reached approximately 12 mg./lOO ml. serum a rise of the value was no 
longer obsen-ed. This masmal value ot should therefore be the eioreasion 
for the tubular evctetorr mas of the rat kidney. r,»„ as derived from classes 

W and VII of our senes of experiments amounted to 0-1257 + 0-00^^69 
mg. 1/ 100 g./min. ~ ^ 
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Fig. 



2. Normal adult rats. The influence of the blood diodone level (in terms of scrum i ‘ ^^ 1^0 
diodone clearance rate of tubular excretion of diodone (Tj) and Ci^ijCj) ratjo. 

vertical lines indicate the standard error. The roman numerals between horizonta 
indicate the ‘classes’ into which the data were divided in order to obtain mean va ues 
serum iodine concentration of classes I-IV rises by 2 mg./lOO mh, that of c 
by 4 mg./lOO mh and that of class VU by 8 mg./lOO ml. Ole experiments <>“ 
curves are based were performed within the same range of urine flow as t e mu m c 
of Fig. lA. 




G„ (jul./IOO 


mechanism of water diuresis -ioo 

Rabbits Sixfcy-foTU simultaneous determinations of inulin and diodone 
clearance; rvem performed on eight rabbits, Fig- IB shows m 
of the findings of Kaplan & Smith (1935), that the mnlm clearances m the 
rabbit increred with increasing urine flow. A difference between the r^nlte 
of Kaplan k Smith and the results obtamed m this mvestigation consists m 
the more extended range of the urinary excretion rates at which muffn clear- 



Utine flow (inL/100 g./min.) 

Fig. 3. Diodons clEarances of nor mal adolt rabbits ia relation to glomeinlar filtration rate and 
mine flow. A, diodone clearances obtained at low blood diodone levels (range; 1-tS to 2-95 mg. 
diodone iodine/100 mb serum) showing the increase of the diodone clearance with the rise of 
the glomerular filtration rate (broken line). B, diodone clearances obtained at high blood 
diodone levels (range 20-8-47-8 mg. diodone iodinc/100 mb serum) showing the depression 
regularly observed at high blood diodone levels. Xote, however, that even the depressed 
clearances follow to some degree the rise of the glomerular filtration rate. The broken line 
(= glomerular filtration rate) was obtained from the data recorded on Fig. IB by grouping 
and averaging the values falling within a rise of 0-01 mb/100 g./min. of urine flow. 

ances were obtained. In contrast to Kaplan & Smith no . difficulties were 
experienced in achieving very high diureses in rabbits. In no case were con- 
\nilsions or death due to water intoxication obsert'ed. The highest rate of 
urine flow observed by Kaplan k Smith was 5-60 ml./sq.m./min., whereas 
values up to 16-06 ml./sq.m./min. (corresponding to 0-093 mL/100 g./min.) 
were reached in the present experiments. An explanation for this discrepancy 
u! perhaps afforded by a different nutritional regime and by the different time 
interval between the administrations of water. 

EU. cui. 


.30 
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The determination of Gj^ in the rabbit is clearly more involved than the 
determination of this value in the rat: the changes of the glomerular filtration 
rates in the rabbit with variations of urine flow introduce a new variable. It 
was therefore necessary to consider diodone clearances in animals with (a) low 
and (6) high blood diodone levels at increasing rates of urine flow. 

Considering first the trend of the diodone clearance at low blood diodone 
iodine values, it will be seen from Fig. 3 A that rose with the increase of 
the glomerular filtration rate. Fig. 3B shows that the same phenomenon 
occurred at high blood diodone values. However, a comparison of Fig. 3A 
with Fig. 3 B shows that the clearance values obtained at high blood diodone 
levels were uniformly lower than those obtained at low levels. These results 
demonstrate therefore, that just as in the rat (Fig. 2), diodone clearances in the 
rabbit are depressed at high blood diodone levels. 

The interrelations between inulin and diodone clearances in the rabbit are 
shown in Fig. 4. Fig. 4 A shows renal changes during a water diuresis as they 
occurred in a rabbit with a low blood diodone level. (The diodone iodine 
content of the blood diminished from 4-024 to 1-480 mg. I/lOO ml. during the 
six hours of the experiment.) The fiust two clearances give approximately the 
same picture, but it will be noticed that even so shght an increase of the urine 
flow as from 0-00046 to 0-00066 ml./lOO g./min. involved changes of the inulin 
and diodone clearances. A third clearance experiment performed as the water 
diuresis started and the urine flow increased to 0-00178 ml./lOO g./min. reveals 
a further increase in both and Cjj. A fourth period of observation at the 
height of the diuresis (urine flow = 0-02600 ml./lOO g./min.) shows the very 
considerable increase of both clearance values observed at that stage. The_ 
fifth period records the fall of Cj^y and Cjy as the urine flow fell to 0-01930 ml./ 
100 g./min. The parallehsm in the change of urine flow, glomerular filtration 
rate and diodone clearance in Fig. 4 A will be noted, in contrast to the results 
in rats in which and (7^ remained essentially imchanged during the nse 
and faU of a water diuresis. Fig. 4B shows an experiment in which the blood 
diodone was maintained at a high level (decrease of blood iodine from 30-477 
to 17-978 mg. I/lOO ml. in 6 hr.). A parallel rise in urine flow and glomerular 
filtration rate .s imil ar to that shown in Fig. 4 A was observed. The values for 
Cjj show the depression due to the high blood diodone level and it will be seen 
that they changed little during the first three periods of observation. However, 
the pronounced rise of the glomerular filtration rate observed during the 
fourth period coincided with a definite increase of the depressed clearance. 

Tjj values were foimd to increase with an increase of the glomerular filtra- 
tion rate both at low and at high blood diodone levels (Figs. 4 A and 4B). 
The significance of the changes of the C'/A’/^n ratio during a water diuresis will 
be discussed later. 



ITt m ‘ IV ' V • • I 

Urine coHectinj periods 


' n -r m ' TV 


Fi^. 4. Chin^ of innlin clearance, diodone cltamnce, Ciy/C]} lario and rate of tubnlar eicrerioii 
of diodone of normal adult rabbits durinz the course of a single trater diuresis (A) at lo-s- 
blood diodone levels, (B) at high blood diodone levels. Ordinates: f=bIood diodone con- 
centration (in terns of mz. IilOJmL serum), C =urine dovr (mbdCO g. inin.), Cj;y=inulni 
clearance (ni.lOO z. min.), Cx,=diodone clearance (mL’liXi g. min.), Tjj=rate of tabular 
etcretion of diodone (mz. I, IWg. min.). Abscissae; urine coUectrng periods. These periods 
■arerc not of eqnal duration. Hotvevcr, their duration not being of rignincance in the context, 
they have been represented by arbitrary units. Water given at stage marted bv ano'-. For 
discuijioa of changes observed =ee text (pp. 456 and 4o5). 
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Discussio^j 

species mtl L r, “ ™'7 »igPi«ein% in Ifc 

tion rate was inamta""*p™ *T' ““taney of the glomerulai ffltta- 

observed in oup eipe^aiits*Tto Ly “e»tioP rates 

important feah,™ ^ suggests that, with lefeience to this 

rSr ttl 17 *» tt-t »-« type as ‘Kt 

cloaraMLi m d ™ "l conclusion agrees with the results of the diodone 

■ of yy yy . y 0 < 0 ““” 0 «a on the seme series 

diodonP 1 diodone clearances in these animals at low blood 

sneaestim. f significantly with different states of hydration, 

of thT!^ 1 important bearing on the state 

of the renal vascular apparatus in normal rats. 

uriupV^^^ diodone clearance in rabbits at varying rates of 

™ flow presented a very different picture. It will be remembered that 
mi^ clearances in rabbits were found to rise with an increase of urine flow. 

eiiomenon which was also observed by Kaplan & Smith (1935), sug- 
nf P ysiological association between water excretion and the activity 

e glomenflar apparatus. However, the question remained whether the 
^ filtration rate was due only to an increase of intraglomemlar 

p essure o owing a constriction of the glomerular efferent vessels or whether 
g orne filtration rate increased because more blood passed through the 
? ^ fiiBt of these alternatives presupposes the observation of a 

ecrease of renal plasma flow (as indicated by Cp'at low blood diodone levels) 

^ increase of the filtration fraction (Chasis, Ranges, Goldring 

bmth, 1938). However, it will be seen &om Fig. 4 A that increased 
^gnmcantly with the increase of urine flow and that only small changes of 
r.v/ D were observed (Cj^,jCjj in this case can be regarded as tbe expression 
of the filtration fraction). The rise of OjylCj, recorded in Fig. 4B, i.e. observed 
in an expenment performed at a high blood diodone level, cannot be regarded 
as contradictory. Cj^ in that experiment showed the usual depression observed 
at gh hlood diodone levels and the rise of Cj^jCj) was therefore determined 
by the increase of the glomerular filtration rate.- 
Remaining doubts about the mechanism of the increase of the glomerular 
filtration rate which occurred with a rise of urine flow may be settled by fol- 
lowing the rate of tubular excretion of diodone (T^,) at blood diodone levels 
high enough to ‘saturate’ the renal tubules, i.e. at blood diodone levels high 
enough to ensure the highest possible excretion of diodone by the tubule cells 
concerned with this process. It will be seen from Fig. 4B that Tj^&t such high 
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blood diodone levels was found to rise witli an increase of tbe glomerular 
filtration rate. If tbe rise of tbe glomerular filtration rate wbicb occurred with 
d rise in urine flow bad been due to a constriction of tbe glomerular efferent 
vessels, tbe following alternative findings could bave been expected, (a) a 
decrease of Tj) if tbe tubular blood supply bad been substantially dunimsbed 
or (b) uncbanged values if tbe tubular blood supply bad been maintained 
by tbe continued circulation of interstitial fluid (Smitb, 1943). 

Tbe value of Tjj obtained at high (saturation) blood diodone levels bas been 
interpreted as referring to tbe number of ‘active’ tubules perfused at any 
moment (Smitb, 1943). Tbe rise of Tj, at- sucb blood diodone levels, wbicb 
appeared to accompany an iucreased glomerular filtration rate, introduces tbe 
possibility that tbe kidney of tbe normal rabbit responds to an increase of 
water load with an increase of ‘active’ nephrons. Tbe increase of renal blood 
flow at increased water loads, as inferred from tbe increase of tbe diodone 
clearance at low blood diodone levels, would be in accordance- with this 
possibflity. 

Our results suggest then that, whereas water diuresis in tbe rat is effected 
by changes of tubular function, water diuresis in the rabbit is partly due to 
changes of glomerular haemodynamics. Tbe occurrence of a rise of tbe glomer- 
ular filtration rate and tbe renal blood flow with an increase of urine flow in 
the marine seal (Hiatt & Hiatt, 1942), an animal entirely dependent upon 
its metabolic water for urine formation, indicates that tbe pecubar response 
of the rabbit’s kidney to an increased water load may not be an isolated 
instance in tbe mammaban series. 

It would appear from these findings that for investigations bearing on pro- 
blems of human renal pathology tbe rat may now be added to tbe dog as an 
adequate experimental animab Tbe use of rabbits, however, would require 
consideration of tbe peculiar mechanism of water diuresis in this species. 


SumiAEY 


Results obtained on rats. (1) Inulin clearances did not change significantly with 
variations of urine flow ranging from 0-0035 to 0-1030 mL/100 g./miu. Tbe 
mean inubn clearance ( = glomerular filtration rate) amounted to 0-351 -f- 
0-0027 mL/100 g./min. 


(2) Tbe mean of tbe highest diodone clearances observed (Fig. 2, Class I’ 
wbicb would appear bkely to be a measure for tbe minimal renafplMma flou 
m the normal adult rat was 2-023 ±0-2903 ml./lOO g./min. Diodone clearance; 
obtamed at low blood diodone levels did not increase with an increase o 

amounted tc 

0-12o7 +0-00269 mg. I/lOO g./mm. 

Results obtained on rabbits. ( 1 ) Inulin clearances increased with an increase 
of unne flow (confirmation of Kaplan & Smith’s (1935) findings). 
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(2) Increases of u r ine flow were accompanied by a rise of the diodone 
clearance and a rise of the rate of the tubular excretion of diodone [Tj^ both 
at low and at high blood diodone levels. 

A survey of the inulin and diodone estimations in both species of animals 
suggests that in the rat, as a result of the stability of the renal blood flow and 
glomerular filtration rate during a water diuresis, the urinary excretion rate 
is chiefly dependent on changes of the, tubular water reabsorption. On the 
other hand, the results obtained on rabbits suggest that, in this species, an 
increased water load leads to an increase of the glomerular blood flow and a rise 
of the glomerular filtration rate. This glomerular mechanism may be assumed 
to play a part in the regulation of the renal water excretion, of normal 
rabbits. 

The authors wish to thank the Colston Research Committee for grants which defrayed the costs 
of this investigation. 
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In regard to tissue proteinases, as distinct from those in the digestive tract, 
Hedin (1904, 1922) claimed that, in addition to the fi protease with an acid 
pH optimum, an a protease existed in spleen, which was active about the 
neutral point. Morse (1917) suggested that the a protease of Hedin might be 
derived from the leucocytes present in the spleen, but Demby (1918) explained 
the activity at a neutral pH as due to an action by enzymes splitting peptones. 
Waldschnudt-Leitz & Deutsch (1927) also denied the existence of a protease, 
identifying a protease of optimum pH 4'0 and a peptide-sphtting enzyme of 
optimum pH 8-0. Trypsin-like enzymes have been described in some poly- 
morphonuclear leucocytes (Barnes, 1940). 

In skin itself, Sexsmith & Peterson (1918) report autolysis of dried and 
powdered skin (in presence of toluene); there was activity when ‘acid to 
phenolphthalein ’. In presence of casein for 48 hr. they got negative results 
in frog, cat and pig, and positive in human, dog, rabbit and chicken skin. 
In young animals there was no evidence of autolysis. Yamasaki (1924) claimed 
that extracts made in the cold for several days from the skin of cadavers 
contained autolytic proteolytic enzymes. The results seem doubtful. It can 
be said that there is as yet in the literature no clear proof of the existence 
of a proteinase which is active at the neutral point, either in skin or even in 
other tissues. Working mainly ivith rat skin, but also with human and other 
skins, we now produce evidence for the presence of this type of proteinase. 

Method 

Pr^parcdion of skin. Two methods have been used. In one, akin (12 was removed fiom 

the abdomen and back of shaved adult rats (120-200 g.) immediately after killing (usimlly with 
chloroform) ; after catting off adherent muscle, sections of 60 /x were made from small pieces in the 
frozen condition upon a freezing microtome. The thin sHces bo prepared wore transferred to two 
centrifuge tubes (60 c.c.) and wt 311 mixed with ice-cold acetone, approximately 40 c.o. per tube. 
After standing for SOmin. the acetone was poured off and more added, alJo wing 30 min. for extraction. 
Latterly, a third acotono treatment has been used. During the dehydration the slices were kept 
at 1'^ C- After removal of the acetone the skin was dried by attachment of the tube to a good 
vacuum pump for about 16 min.; it was then dried further in a vacuum desiccator, and, when 
stored in this, showed no loss in activity for 4 weeks. These preparations are called ‘acctone-diied 
skin’. Later it was found that the skin could bo obtained in a suitable form by cooling to 2 0. 
and then cutting thoroughly with sharp scissors until a fine pulp was obtained. This was then dried 
in cold acetone, as with the microtome sections. 

Diy weights (acetone-dried) of 0'32G4 and 0*3306 g. (average 0*3284 g.) were obtained from 
1 g. original slices so dried. ' 

Earlier experiments were done with the fresh slices taken after cutting with the freezing 
microtome. Ihcso will be called ‘fi^sh skin’. 

Estimation of proteolytic activity. At first Folin’s method, os used by Anson (1937) for measuring 
the activity of spleen cathepsin, was tried. This was abandoned mainly because it showed no 
difference between incubated and fresh samples of skin. It was found that during incubation 
(both in presence and absence of trichloroacetic acid) a substance estimated by the reagent 
accumulated. Though not identified, this was probably creatinine arising from creatine. 

In all the later work therefore wo used van Slyke amino-N estimations for judging tho increase 
in — NH, groups duo to protease action. The technique followed in detail that desen y \an 
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Slyke i Peters (1932); the reaction time was ftom 3 to 6 min ., depending upon the temperature. 
Xo difference was found if the reaction was extended to 15 min. AU estimations were in duplicate. 
The difference for estimatious of amino-X upon the same solutions for amounts of 100-300 pg. 
was not greater than id fig. Larger differences arise in sampling the skin, but estimations did • 
not -vary by more tha-n 10 % . Typical values for fresh skin are shown in Table 1 ; sim i l ar differences 
are found with ‘acetone skin’. 

In most experiments casein has been used as substrate. It was prepared as follows: 0-5 g, 
casein (LW., Harrington’s) was stirred into 10 c.c. distilled water, 2 c.c. 0-5 X XaOH was then 
added and the whole allowed to stand for 30 min. ; 0*5 X HCl was then added, to bring to pH 6*9 r: 0- 1 , 
and the volume made up to 50 c.c. with water. Each experimental tube has contained 0*3 g. 
‘acetone skin’ (or 1 g. fresh skin), together with 5 c.c. casein substrate and 5 c.c. Jf/20 phosphate 
buffer. At the end of the incubation, or immediately, in the controls, 10 c.c. 0*3 A* trichloroacetic 
acid were added, to stop the digestion and to precipitate unchanged protein. After filtration, 
5 c.c. were used for the estimation. 

Controls giving .■rimilar results were done later with the same casein, purified by reprecipitation, 
and also a few experiments with pseudo-globulin, serum albumen and myogen. The results are 
expressed as mg. amino-X per 1 g. fresh skin or 0*3 g. ‘acetone skin’. 


Results 

Fresh skin and acetone-dried skin compared. Upon incubation alone, fresh 
skm slices showed an increase in non-protein amino-N ; this was augmented 
by the presence of casein. Table 1 illustrates these points. The results with 
fresh skm are apt to be somewhat variable, probably owing to difficulty of 
penetration of casein to the active centres. Exps. 1 and 2 (Table 1) show the 
increase in non-protein amino-N which may be expected with the skin alone; 
Exp. 3 an intermediate value with 0*5% casein. Other values for 3 hr. periods 
have ranged from 0*84 to 1*44 mg. amino-iSr per 1 g. There was always an 
increase when casein was added. 


Txble 1. Proteolytic activity of fresh rat skiu incubated with or without cagi-iu 

Reaulta expressed as increase in amino-X (non-piecipitable by trichloroacetio acid) per 1 g. 
fresh akin. pH 6-9-0-1. Varying periods of time and varying concentrations of casein. 


Exp. 

1 


3 


4 


5 


Skin 


Incubation 

Casein 

hr. 

Fresh 

Xone 

3 

Fresh 

^one 

3 

Fresh 

0-5% 

4 


1 


14 

*■> 


3 


Fresh 

0*05% 

0-2% 

0*5% 

1-0% 

1 

Fresh (1 g.) 

0*5% 

p 

-tcetoue dried (0-32S g.) 

0*5% 

1 


Amino-X (mg.) 

A 


Initial 

Increase 

value 

over initial 

0*545 

(1) 0*428 


(2) 0*365 

0*556 

(I) 0-776 


(2) 0*706 

0-5S0 

0*168 


0*332 


0*624 


0-745 


1*073 

0*636 

0*200 


0*252 


0*444 


0-363 

0*464 

0*496 

0*400 

0*392 
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n similar experiments, whicli indicated that 

adequate. This concentration was therefore used as a routine 
m subsequent work. 


from +Vi 1 - A ^ T, 1 acetone-dried skin had an activity not far removed 
. ^ ° ^ skin, and this was thoroughly confirmed in subsequent 

xp ^ ■ urther experiments were therefore done with this material, 
smce it could be more easily stored. 

^poration of protehiase in soluble form and effects of salts upon extraction. 
most satisfactory methods of preparing the skin for extraction of the 
pro mase are by cutting sections or mincing finely with scissors. Extracting 
om acetone-dried unsectioned skin gives unsatisfactory yields, as also from 
rozen in C02-alcohol mixture or liquid air. Extracting either fresh or 
“ phosphate buffer y>H 7 or 8, or distilled water, for 46 min. 
a C., yields no activity in the centrifugate. If, however, the extraction 
IS caoned out in a buffered solution (pH 7) containing 6 % KCI, approximately 
/o of the original proteolytic activity of the s kin is present in the centri- 
ugate, and extraction is almost complete in 16 min. No more enzyme comes 
out on re-extraotion of the skin. Extraction with 1 % KCI is much less 
efficient. These points are illustrated in Table 2. 


Tablb 2. Conditions for eitrootion of proteinase from alfin 

:p=fre^8km. A.D.=acetone-driedskin. Extraction fluid, J//20 phosphate buffer. pH6’9±0d 
with various KCI concentrations and times of extraction. Temp. 38° C. Subsequent digestion 
vot 6 ^ ^ KCI for 1 hr., unless otherwise stated. EesuJts expressed as change in aniino-N 
(non-preoipitable by trichloroacetic acid) per 1 g. fresh skin or 0-3 g. acetone-dried skin. 5% 
KCI = 0-670 M. 

KCI cone. Amino-N (mg.) 



Condition 

Skin or 

extraction 

Time 

‘ 

Increase 

Exp. 

of skin 

extract from 

0/ 

min. 

Initial 

over initial 

1 

F 

Skin (before* extraction) 

NiJ 

46 

0-042 

0-606 



Extract (phosphate alone) 

Nil 

46 

0-306 

0-011 

2 

F 

Extract 

5 

30 

0-900 

0-688 


A.D. 

Extract 

,5 

30 

1-044 

0-648 

3 

A.D. 

First extractf 

B 

46 

0-620 

0-308 



Second extract 

2 

46 

0-160 

None 



Skin (after 2nd extraction) 

2 

45 

0-028 

0-286 

4 

A.D. 

Skin (after extraction) 

5 

46 

0-072 

0-324 



Extract fix)m same 

5 

46 

0-784 

0-302 

5 

A.D. 

Extract 

5 

46 

0-404 

0-680 


A.D. 

Skin after extraction, pS. 8 

5 

46 

0-072 

0-280 



Extract, pH S 

5 

46 

0-062 

0-300 

n 

A.D. 

Extract 

5 

16 

0-624 

0-628 




6 

30 

0-812 

O-OSO 




6 

46 

0-872 

0-688 

n 

A.D. 

Extract 

1 

30 

0-700 

0-112 

St 

A.D. 

Extract 

Nil 

30 

0-644 

0-048 


* Digestion without KCI. t Digestion with 1 % KCI. 
t Exps. 0, 7 and S. Digestion for IJ hr. 
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Temperature for extraction. Extraction at 18° C. is only slightly slower than 
at 38° C. The majority of the experiments were completed at 38° C. before 
this fact was known. 

As a result of these experiments and unless otherwise stated, extracts have 
been made by incubating mixtures at 38° C. in the proportion of 0-3 g. ‘ acetone- 
dried’ skin to 0 c.c. buffer solution, 41/20 phosphate +5% KCl for 30 min.; 

5 c.c. of this solution, after centrifuging, is added to 5 c.c. casein solution, and 
the digestion then carried out for the requisite period; 10 c.c. 0-3 N trichloro- 
acetic acid is then added, and, after filtering, 5 c.c. of the filtrate is taken for 
analysis. 

The skin extracts keep at 0° C. ± 2-0 for 24 hr. without loss of activity. They 
have on three occasions been treated with cold acetone : the powder so produced 
(contaioing, of course, salts) did not redissolve in water, but still showed some 
activity. It is hoped to investigate this further, but it is clear that the enzyme 
is reasonably stable. 

Salt concentration for activity. In order to find the optimum salt con- 
centration of the enzyme activity, as distinct from the optimum for extraction, 
we used dialysed extracts, adding various concentrations of KCl. 2-5% KCl 
is the optimum for digestion with casein. The dialysed extracts were prepared 
from extracts dialysed for 4-5 hr. against distilled water in a shaking dialyser, 
adapted from the Heidelberg Laboratory; this time was sufBcient to remove 
all Cl. In the earlier work, acetone-dried skin was incubated with casein 
substrate plus KaCl or KCl. There was indication firom these experiments 
that KCl is more effective than NaCl, though active extracts are obtained 
with the latter. 

Activity and pH. For ‘fresh’ skin, there was little difference between pH 6 
and pH 8, probably because the buffer solution fails to penetrate. "With the 
extracted enzyme, the activity at pH 6 was lower (see Fig. 1). 

Relation of activity to — SH groups. That no — SH group was necessary for 
activity in the enzyme was shown by a series of experiments, following 
Hopkins & ilorgan (1938), with glutathione (reduced form) and cystine-ester 
hydrochloride. 4 c.c. of a glutathione solution (1 mg./c.c.) were added to 10 c.c. 
extracted enzyme and incubated at 38° C. for 30 min. 7 c.c. were then taken 
for initial estimation and 7 c.c. for incubation with casein. A similar experiment 
was done with 0-1% cystine-ester hydrochloride. Both experiments were 
tried aerobically and anaerobically. 

In the first two experiments, slight increases were observed in both cases 
but. on our taking the precaution of washing the trichloroacetic acid precipitate 

and addmg these washings to the filtrate, the smafi increases were no longer 
observed. ° 

Effect of some inhibitors. As might be expected, neither KaF (1 mz.lc c 1 
nor lodoacetic acid (0-1 mg./c.c.) inhibited the enzyme appreciably. 
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puSw^th obtained with casein are not diminished after 

proceS wV precipitating twice at the isoelectric point, a 

procedure which reduces the amino-N non-precipitable bj trichloroacetic acid 



lABLE 3. 


rittects upon other proteina 

* exLraote prepared fix)m aeotone-dned akin. Keaulte expreased aa inoreaae in amino-N . 
(non-preoipitable by triohloroacetio acid) per 6 c.c. extract. 


Amino-N (mg.) 


Substrata 

Incubation 

Initial 

Increase 

time (hr.) 

value 

over initial 

None 

1 

0-892 

0-024 

1 % serum globulin 

— 

0016 

0-124 

None 

2 

0-892 

0-116 

0-5% casein 

— 

0-904 

0-348 

2% albumin 

— 

0-900 

0-304 

0-6% myogen 

— 

0-896 

0-208 


Table 4. Comporiaon of dialysed and non-dinlyaed extraota witb and Avithout 
casein addition. (The dialysed extract was prepared aa described on p. 465) 

Rat akm incubated for 1 br. at 38° C. Casein 0-6%. Results expressed as increase in a min o-N 
(non-preoipitable by triohloroacetio acid) per 6 o.c. extract. 

Amino-N (mg.) 


Exp. 
1 . 


2 


Non-dialysed 

Casein 

+ 

Dialysed 

+ 

Non-dialysed 

+ 

None 

Dialysed 

+ 

None 


+ 


Initial 

Increase over initial 

0-804 

0-412 

(а) 0-104 

(б) 0-104 

2-388 

0-712 

0-162 

0-744 • 

0-488 

0-072 

0-140 

0-084 

0-468 
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to less tliflTi 0-02%. Hence the effects upon casein are not due to tlie action 
of the enzyme upon any associated polypeptides. Table 3 shonrs that the skin 
enzyme also digests othei pioteins, and is therefore definitely proteolytic. 

That the enzyme here concerned liberates amino-N from proteins is proved 
when the increases in amino-X are compared before and after dialysis. Though 
dialysis reduced the residual non-protein X values to 10% of that for the 
undialysed extracts, the increases due to casein addition are practically 
unchanged, and are therefore due to protein cleavage. 

We are a'vraie that thp initial changes prodnced by the proteinase may be foHovred by some 
degree of digestioii by peptidasea present, but this is likely to be . small owing to the low con- 
centiaticin of peptides; onr experiments showed that the activity of the pepudase was loweven 
in the presence of 0*5 mg./c.c. lencyhglvcyl'glycine substrate. A further argument on this point 
is that in estiniating, over a period of 3 hr., the increase in amino-^, produced by incubatioti of 
the -gViTi extract with casein, the carve shows no acceleration in this process, as would be expected 
if peptidases came into action at some stage dcuiDg thvK periods If anything, there is a tendency 
for* the enzymadc action, as judged by amim>-X increase, to off between the second and third 
hours ; it is possible that this may be due to slight decomposition of ghitamine (Chibnall 3t W estaB, 
1932); but any such effect appeared to be slight and practically non-eristent in the first and 
second hour, the perioda of digestion used here. 


Since this proteinase splits a — COXH-liukage, it attacks a peptide group 
in the protein molecnle. Though it has the pH activity curve of trypsin, the 
enzyme is not trypsin because it does not split Bergmann’s specific substrate 
for this, benzoyl-arginineamide. It is also clearly distinct from peptidases 
splitting leucyl-glycyl-glycine. This can be proved by differential extraction 
of the skin. 

The activity of extracts on Al-leucyl-glycyl-ylycine and casein. Two extracts 
of acetone-dried rat sldn were made: first, (o) with H/10 Einger phosphate 
buffer, then (6) a re-extraction of the residue from (a) with a 5% KCl buffer 
solution. 

The actiN-ity of these two extracts was compared oa dl-leucyl-gljcyl-glycine 
and casein respectively. We found the greater part of the peptide-splitting 
activity in (a) and that of casein in (6). The experiment given helow iUnstrates 
this point. (This is one of three similar experiments made.) 


Erptrimeni. (Compositioa of Rinser phosphate as follows: 9 g., KQ 0-i50 g., XaHCO 

0-150 g., KHjPOt 17-3 g. initnre is made op to 1251-2 e.c. and approsiinatelv 19 '>no’ 

XaOH added, bringing pH to 7-3.) ” ^ 

Substrate concentration-. leueyl-glycyl-glTcine (1-g-g) 0^^%, cacam 0.50/ _ 

Mirtnre meubated for 2 bjf at 3S’ C. ' 

Results eipreased as increase in amino-X Inon-predpitable by trichloroacetic acidl ner a ^ 
eatiact. ’ ^ 


Extracting fluid 
(a) Ringer phosphate 
(4) Phosphate buffer -r5°'o KCl 

(а) Ringer phosphate 

(б) Phosphate buffer -r 5% KCl 


Substrate 

Casein 


Initial 

(u) 0-201 
(4) 0-130 

(a) 1-66S 
(4J ho&i 


Increase 

O-OIS 

O-ISO 

0-212 

OKISS 
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Activity of skin proteinase of man and other animals. Similar enzymic activity 
lias been found also in preparations from human, rabbit and guinea-pig skin 
incubated with casein, so that the proteolytic activity is general for skin; 
only the guinea-pig has shown variable results (Table 6). 

Table 6. Skin proteinase of man and other ftnimalfl 

Substrate, casein 0*6% 1 hr. incubation. 6-9i0'l, Results expressed as increase in 
amino-N (non-precipi table by trichloroacetic acid) per 1 g. iiesh »kin or 0*3 g. acetone-dried skin* 


Amino-N (mg.) 


Erp. 

Animal 

Skin 

f 

Initial value 

Increase over initial' 

1 

Man 

Fresh 

1-240 

0-412 

2 


Acetone-dried 

0-216 

0-428 

3 

Babbit 

Fresh 

Acetone-dried 

0-448 

0-676 

o o 

4 


Fresh 

0-692 

0-148 

5 

Guinea-pig 

Fresh 

Acetone-dried 

0-792 

0-716 

0-228 

0-128 

6 


Fresh 

1-172 

0-372 


In three experiments with human skin (one with dermatome slices and 
two others with skin from operation), extracts of the same order of activity 
as those from rat skin were found, though optimal conditions for extraction 
seem to be different: 6% KCl did not extract froni the fresh skin in one case. 
In experiments on the skin of two rabbits, active preparations were obtained, 
though they were lower in activity than with rat skin. In some earlier work 
with guinea-pigs, the s kin preparations were inactive or had only slight 
activity and there was a distinct tendency for instability upon acetone drying, 
the reasons for this are not yet clear and are being further investigated. In the 
last four expieriments with the guinea-pig, active preparations were obtained. 

Effect of temperature upon stability. It was an object of this research to 
discover whether ‘burning’ .s kin at the temperature employed would leave 
the proteinase intact; the thermal stability has therefore been investigated 
as follows: 

Separate amoanta of nlrin or of preparations equivalent to 1 g. fiesix skin in 5 c.c, phosphate 
buffer were placed in two test-tubes and heated for 6 min- in a water-bath at the required tem 
perature. Heating to this temperature took approximately 1 min. At the end of this peri , 
tubes were cooled in ice-water; one was treated with 6 o.c. casein solution and incubated for 
at 38° C., digestion being stopped with 10 o.o. O-ZN triohloroacetio acid; the second tu e was 
treated immediately with 1 % casein solution and triohloroacetio acid as a control. 

The results (Table 6) showed that with fresh skin, little inactivation occurred 
in 6 min. at 60° C. (heating above this temperature was impossible oivmg to 
the behaviour of the coUagen). With dried skin or extracts ffom this, serious 
inactivation did not occur until 70-75° C.; about 26% inactivation too • p ace 
at 70° C., and about 76% at 76° C. 
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Immersion of a test-tn-be containing tke esnact in boiling water for 5 imm 
;ompletely inactivated tbe enzyme. 

Tijt^ 6. Taemal stabilhy of skin proteinase 

mentation 1 ir. 3S= C. Substrate, 05% casein. 31.30 pbospbate buffer. Acetone.<lxia skin 
and extract ffom this. Kesults expressed as increase in ainino-:^ (non-precipttab.e by mcMoro- 
acetic acid) per 03 g. acetone ski n or 5 c.c. extract. 


Araino-X (mg.) 


Exp. 

1 


Skin 

Acetone-dried 

Acetone-dried 


Extract 


Temp. 

-C. 

Boom 

55 

60 

(а) Boom 
"0 

(б) Boom 
-0 

75 

Boom 

60 

70 

75 


Initial 

xatue 

OAO-2 


0-5-24: 

0-524 

0-652 


Increase 
oxer iniual 
0-372 
0-324 
0-304 

0-34S 

0-21S 

0-320 

0-232 

04J06 

0-304 

0-304 

0-240 

CK'60 


O' 

.o 

change 


— 13 
-13 


-27 

70 

0 

-21 

-60 


Disctjssiox 

TTe believe rbar tins is tie first convincing demonstration in a tissne of an 
enzyme wirb a trypsin-like pH activity carve. The enzyme is not trypsin 
itself, nor, so far as we know, is tbe activity of tbe skin due to any enzyme 
present in traces of plasma left in tbe skin after death. Tbe following points 
axe against this: tbe amount of plasma in normal dermis and epidermis is 
very small; the activity found is greater than for an equal weight of plasma; 
the enzyme is difficult to extract without cutting the skin into fine sections 
or into a pulp before acetone drying; in one case, in the rat, esdracts 
similaily prepared from spleen, where blood was present, gave no proteinase 
activity. Tor these reasons, we think the enzyme to be a genuine tissne 
enzyme. By similai methods of extraction we have not found a proteinase 
active at this pH in brain; but we have found it present in kidnev, liver and 
muscle of the rat. 

In regard ro its detailed action, it is the modem view from the work of 
Bergmann from 1937 onwards (Bergmann & Tmton, 1941; Bergmann, 1942) 
that a proteinase is a peptidase of special ttrpe; this is based convincingly upon 
the proof that pepsin will split carhobenzoxy-glntamyl-l-tyrosine. trypsin 
benzoylarginineamide and chvmonjpsm peptidases of type if^-t^osyi 
glycme-,R 2 - Iji ^heir recent classification they distinguish two types of 
peptidases, termed endo- and exo-peptidases: these terms are used in the 
chemical and not the physiological sense to indicate whether the attack is on 
the internal or external peptide linkage. Onr enzvme is presumably an 
endopeptidase. 
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PART 2 

The effect of buhns oh the behavioub of proteinabe ih rat skih ' 

JT"’ r 0- of the 

for it POO’Ji'^Iy valuable 

t^e "" onzyme can leave 

siderimr thiq w ^ °^^‘^“i*^tion or remain active locally. Before con- 

LeaX^Pct 1 temperatures are involved in a skin bum. 

been hn;n! n^ delineated two zones in skin wbiob has 

temneraf ' mn zone and (2) a zone damaged by more moderate 

temperatures. They consider that the latter is the more potentiaUy dangerous 

efPppf concerned, if the temperatures producing the pathological 

‘i^^troy them. In an analysis of the effect of 
PP 0 eat upon rat and guinea-pig skin, Leach et dl. found that 62“ C. was 
6R° f ^ emperature for application of heat to the skin surface, and that 
,1 ^ min. would produce scabbing. The actual temperature in 

M ^ 1 burning iron is lower than this, and has been shown by 

endelssolm & Eossiter (1944) to he between 46 and 66“ C., making 60“ C. 
ft) temperature for damage with these short exposures. Since 

70° P f ^°t more than 25 % inactivated by an exposilre to 

• or 6 min., it is clear that bums produced by the burning iron at 
temperatures below this will not inactivate this enzyme. Using the ‘iron’ we 
ave mvestigated the effect of moderate temperature burns on the skin 
pro emase and present the proof that these produce a marked decrease in the 
proteinase content of the skin. 

Methods 

rats (weight 120—200 g.) were used. After anaesthetizing with ether, the skins were 
™ hair Avith clippers and the a nima ls were burned with the bu rnin g iron described 
^ periods of 1 min. at 64-66 or 60-06° C. Care was token to use pressures 

e iron which should not appreciably ocolude the circulation. Some controls were burned 
iDim tely after killing with the anaesthetic. In each animal one aide was burned and the other 
as used as a control. For the estimation, the anim al was killed either by decapitation or by 
er, the burned patches Avere dissected out and also, as controls, similar imbumed patches 
m e other side. The patches of skin were then cooled to about 2° C., adherent muscle and 
were cut. away and the aki n finely chopped Arith scissors. The akin mince was eitraoted Arith 
5 ^ KCl in phosphate buffer solution as described in Part 1. 

The individual values, given in Table 7, give the percentage total change 
of the proteolytic activity after burning. Estimations were made of the 
activity of the extracted enzyme and that remaining in the skin. The sum 
of these two gives the total activity and this was calculated for burned and 
normal skin. (The values of the extract as estimated were corrected by a 
factor of 1'6, as the estimation was done on 6 o.c. from a total of 8 c.c. of 
extracting fluid.) 
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The experiment aiven in detail at the end of Table 7 is illnstrative of the 
actnal values obtained iu these experiments. It shows the percentage dineience 
of the proteolvtic activity of normal sldn and burned sldn, the extract and 
residual gVi-n activity being calculated independently. 

The chart in Tig. 2 gives the data for all experiments in which the animal 
was allowed to survive for at least 20 min. after burning. It does not include 
the control experiments in which the animal was killed before burning. 

As iHustrated in Tig. 2, in the majority of experiments the decrease in 
enzvme activity for extracts and residual skin were the same (within experi- 
mental error). In three experiments, however, there was much less apparent 
decrease in the extract. This may indicate that the nrst stage is a liberation 
of enzvme from the non-extractable stare into the surrounding fluid, with 
a corresponding escape of some enzyme into the lymph. 


T tCTT. 7. Svmiiiarv of the total changes in picteinase content of mt sVfn 
dee to hnming for 1 min. at 5t-66" C. ' 


Percentage change in non-protein amino-X liherated by digestion of casein under standard 


condition.*;. 




•S, \ ’» 

Temp, 

Killed afeer 

Average 


SiE. of the 

°C. 

tinmin j 

0 

.0 

Individual values 

mean (t) 

51-55 

-0 n^tn. 

- 3-2 

—a* 5, —1, —14, — s, -r3-5 

3-42 


60 ttith. 

-23o 

-10-5, —37 


liO tnm. 

-32-0 

-26-5, -31-4, -33-3, -33-3, -35-5 

3 - 4 ' 


24 hr. 

-26-1 

- 14-S, - 37-5 

60-51 

60 min. 

-41-3 

-47-5, -35-2 

5 S-0 for 

f 

1^ mm. 

-54-5 

-5S-5, -50-4 



24<) TTirn. 

-54-5 

—59, -50 

) 50-1 

d5-dT 

9 mrn. 

20 rnrn- 

-32-1 

-30-5, -33-S 



3 min- (itamed- 

- 3 

-3 



after buma) 
Before birmrng 

- 4 

-5, -7, -1, -10, ^1 

4*35 


£xp. 1. Illustrative protocol of an individnal experiment (selected &om rhn^ snmmaiized in 
Table 7), shotring the effect of burning upon the enzyme in the KCl extract and in the remdnal 
fiHn solid separattdv. 

Results expreeoed aa mcrease in amino-X (non-piccipitable by trieHoroacetic add) durinz 
digcftioa with caiem for li hr., -for 0-S g. reddual siia and S c.c. extract. 


shm or extract 
(ai Shm: (i) Control 

(ii) Burned 
(b) Extract; (i) Control 
lii) Burned 


Temp, 
of bum 
= C. 
60-dl 


Amino-X (mz.) 


Killed after 


Increase 

bnxniiur 


over 

rriTn. 

Tnm.nl 

iriTT^-^l 

120 

0-2iX> 

OS04 


0-100 

0-376 


0-40S 

0-512 


0-2S4 

0-203 


change 

-53 

-•17-5 


A^als burned aner death, even at the highest temperature (66= C 1 here 
used, show comparauvely small differences in proteolvtic activitv of the sS 
even m apite ot tne heat tixanon wHch was shown bV Leach ef'al (I943) to 
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appear betTvveen 55 and 60 C. At 66° C. there is a rapid disappearance of 
proteinase. At 60° C. the changes after 1 hr. are of the order of 33 % and after 
2 hr. 53 /q . Even at 54—65 C., quite marked decreases are present after 2 hr.; 
there should be no heat fixation here. It is to be noted that there is little 
change in 20 min. at the lower temperature. In most of the experiments the 
oedema was between 4 and 14% of the skin weight. There was no oedema 
present -20 min. or 1 hr. after burning at 66° C. 



aU- V V 'i'— y were kill 

I V— o >1— — V ■ bumina 

I, I HOUR 2 HOURS 4 HOURS 24 HOURS oiimjny 

% Rcnviry remaining 

AFTER BURNING 


Fig. 2. Chart showing changes in proteinase activity due to burning at different temperatures 
for rat akin taken at varying periods after the bum. Each number represents a different 
experiment; the percentage activity remaining is given for rat skin residue and extract 
separately. 

The haemorrhage observed in the skin was slight after burns of 55° C., 
although there was some increase 24 hr. after the burn. The haemorrhage was 
more marked at aU periods after burning at 60° C., and again reached a 
maximum in 24 hr. 

The experiments show that there is a gradual disappearance of the proteinase 
after burning at moderate temperatures which is not due to local heat 
destruction. There are two possible explanations of this; one is that a factor 
enters the sldn during life which is inhibitory to the enzyme; the other that 
the enzyme has left the skin. In regard to the first, the control values and 
those for skin burned at 64-55° C. and taken after 20 min. are practically 
identical; further, there was no indication of ’an inliibitory substance in an 
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extract of skin taken after 1 hi., a period during wWck muck fluid will have 
entered the skin. All the indications are therefore that much of the enzyme 
has left the skin cells for the general circulation. Jfevertheless, in rdew of our 
subsequent finding that antiproteinase factors are very- active in the’ plasma, 
we do not consider it safe to be dogmatic upon this point xmtil we have 
completed a study of the antiproteinases in this connexion. 

Discussion 

This work shows that at least one active enzyme leaves the skin comparatively 
early after burning and at a time coincident with the haemoconcentration. 

It is significant in this connexion that Perlmann, Glenn & Kaufman (1943) 
have recently observed a change from the normal electrophoretic pattern in 
Ijmph coining froin the burned limbs of calves; an additional boundary 
appeared, which migrated with half the speed of the globulin. From un- 
published work in this laboratory by Drs P. Olaffson, Manifold, Rossiter and 
ourselves, we know that several other enzymes survive exposure to the 
temperatures causing bums, and could therefore behave like the proteinase 
reported here. We cannot yet say whether any or all of these enzymes actually 
cause systemic disturbance and care must be taken not to read into the data 
more than has actually been proved. But the fact that there is this dis- 
appearance must be taken into account in the evidence upon the ‘bum toxin’ 
problem. It is also relevant to the problem of metabolic losses of protein 
after wounds (Cuthbertson, 1942) and after burns (Clark, Peters & Rossiter, 
1943), to the problem of shock and to the liberation of Lewis’s H substances 
(1927). The literature upon the action of trypsin and pathological effects, 
includes work by Roche e Silva (1939) who found that injections of trypsin 
lower blood pressure in cats, rabbits and dogs and raise tonus in smooth 
muscle. Blood pressure changes have been described in burns (Harkins, 1942); 
histamine-like effects (Barsoum & Gaddum, 1936; Rosenthal, 1937) may also 
be present; it is difficult to disentangle these signs from the phase of haemo- 
concentration. Grob (1943) claims that subcutaneously injected trypsin will 
cause skin ulcers in rabbits. 

Recently the hypothesis was advanced (Beloff & Peters, 1944) that liberation 
of the proteinase in intercellular layers of the skin is a factor concerned in the 
loosening of the epidermis preparatory to blister formation. We suppose that 
this occurs where Leach et al. (1943) found the incipient blister formation. 
The hypothesis was based partly upon the evidence here presented; but also 
substantially upon the finding of Medawar (1941) that digestion with trypsin 
will separate the dermis from the epidermis in sections from human skin 
made by the dermatome. From the histological evidence, 'the separation of 
the skin layers takes place verj^ rapidly, and it may be held that the findintr 
of little change in 20 min. after burning at the lowest temperature here tried 

31—2 
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is evidence against our hypotkesis; but tbe experiments, which show a marked 
difference in distribution between the solid and extractable enzyme, are of 
importance in this connexion. If the skip is taken at an early enough stage, 
there is not likely to be any difference in the total enzyme content, tkough 
the enzyme by then may have passed from inside the cells in to the oedema 
fluid surrounding them. Libera tion'of this enzyme could explain the appearance 
of leucotaxin (Menkin, 1936, 1940; Duthie & Chain, 1939) which is believed 
to be a polypeptide. 

SUMMABY 

Part 1 

The presence of a proteolytic enzyme has been demonstrated in human, 
rat, guinea-pig and rabbit skin. The properties of this enzyme in rat skin are 
as follows: 

1. It is active at neutral and alkaline pH, the optimum activity being at 
pH 7'5-tO-l and it is not trypsin. 

2. It digests casein, serum globulin, serum albumin, myogen and some 
protein present in the skin itself. 

3. Approximately 60% is soluble in 6% KCl solution; the remainder still 
remains with the solid phase. 

4. Maximum activity occurs in the presence of 2'8 % KCl. 

6. The enzyme is stable towards acetone-drying of skin and, in the extracted 
form, it is stable towards dialysis against distflled water at 2” C. for 5 hr. 

6. It is not inhibited by NaF or iodoacetic acid, nor activated by glutathione 
(reduced) or cystine (ester). 

7. It retains approximately 70% of its activity after heating at 70 C. 
for 5 min. 

8. The proteinase activity here studied can be distinguished from that 
splitting a tripeptide by differential extraction. 

Part 2 

1. The behaviour of the ‘skin proteinase’ has been followed after burns at 
temperatures varying from 54 to 66° C. for 1 min. 

2. Though these temperatures produce little change in the activity of the 
enzyme through heat inactivation, there is a decrease in the proteinase content 
of the skm due to burning. At 60° C. this reaches an average of 64 % in 2 hr. 
and at 54° C., 33%. It is suggested that the enzyme leaves the skin. 

3. The hypothesis is advanced that the escape of proteinase from the ce 
contributes to the formation of the vesicle. 

4. The relation of the proteinase to ‘burn toxin theories is discussed. 



BURNS AND PROTEINASE OF SKIN 


475 


, Apbenddm 

Since completion of the above work we have had the opportunity of testing, 
through the generosity of Dr Bergmann, the effect of the skin proteinase on 
(o) the chymotrypsin substrate, carbobenzosy-l-tyrosyl-glycine amide, and 
(b) Heucyl-glyoyl-glycine. (a) was not spKt, (6) behaves to the enzyme in a 
similar way to dMeucyl-glycyl-glycine; hence failure to split this is not due 
to the presence of the (i-compound. We therefore conclude that the enzyme 
is neither trypsin nor chymotrypsin. It is therefore reasonable to think that 
it is a proteinase which has not previously bejen described. 

Our thanks are due to the Medical Kesearch Council for a grant to one of us (A. B.); and, for 
part eipensea, to the Medical Research Council and also to the Nuffield Committee. We are also 
grateful for advice to Dr Rossiter and colleagues in the laboratory; to Prof. H. J. Seddon and 
the Radoliffe Infirmary for human skin; to Mr O’Brien and Mr Leach for important help; to 
Miss Jenkins for technical assistance; to Dr Stockea for cystine ester hydrochloride and for 
henzoyl-argimne-amide, and to Dr E. Holiday for specimens of serum globulin, serum albumin 
and myogen; also to Prof, Chibnall for kind advice. 
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THE ACTIVITY OF VAGAL STRETCH ENDINGS 
DURING CONGESTION IN PERFUSED LUNGS 

By E. BtiLBRKG D. WHITTEBIDGE 

(at the time Beit Memorial Re^arch Fellow) 

From the Departments of Pharmacology and Physiology, Osford 

(Received 17 August 1944) 

In spite of considerable recent vrork, tbe factors responsible for cardiac 
dyspnoea are still far fcom clear. Christie (1938) has summarized the evidence 
shovriog that pulmonary congestion invariably accompanies cardiac dyspnoea, 
and that afferent vagal impulses from the lungs play a large part in the produc- 
tion of this dyspnoea. His hypothesis is that the vagal ‘stretch' afferents 
record tension in the lung, and that the sensitivity of the endings is increased, 
as the lungs are more rigid in pulmonary congestion. The alternative view that 
another set of endings, capable of causing inspiration, is active in dyspnoea, is 
supported by the work of Partridge (1939) and Hammouda, Samaan & Wilson 
(1943), and recalls the suggestion of Adrian (1933) that ‘deflation’ endings 
may be of unportance in pathological conditions. 

As the point seemed to have considerable theoretical importance, vre have 
tried to distinguish between these possibilities by recording the activity in 
vagal single fibre preparations from ’stretch’ endings during experimental 
pulmonary congestion. Considerable difficulties were encountered in con- 
sistently producing pulmonary congestion in cats with natural circulation, 
and we therefore decided to work with perfused lungs in which all the vascular 
factors were under control. 

ilETHOn 

Two cat4 were used in eadi experiment, one ax a blood donor and the other for the lung perfusion. 
The first eat was given 1 mgr atropine subcntaneoualr and was then anaesthetized with ethvl 
chloride and ether. A tracheal tube was inserted in order to give artificial respiration in the later 
stages of bleeding. Cannulae.were put into the external jugular vein and into the abdominal aorta, 
ii c.c. of blood were taken from the aorta and immediately replaced by 25 c.c. of warm Ringer’s 
solution contaiamg lOpg. adrenalme, which was slowly infosed into the external jugular vein. 
This process was repeated three times (total volume of Ringer’s solution infosed was 75 c.c.)^ 
after which the cat was bled out. The total blood volume thus obtained was about 150 C-c. The 
■blood was carefully defibrinated and filtered five times tbrough moc lin 

Tbe second cat was also given 1 mg. atropine and anaesthetized with ethyl chloride and ether. 
One Vagus nerve m the neck (nsually the right one) was carefully exposed for a length of 3-4 cm. 
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A tracheal tube and cannnlae in the jugular vein and abdominal aorta were inserted. The defibrin- 
ated and filtered blood from the first eat waa put into a burette which was connected to the 
jugular vein. Again, 26 c.c. blood was removed from the aorta and then replaced by 25 c.c. defibrin* 
ated blood together with 10;ig. adrenaline slowly infnaed into the jugular vein. This procedure vaa 
repeated until the whole of the defibrinated blood had passed through the cat, which was then bled 
out completely. Artificial respiration was started as soon as the cat stopped breathing and was 
continued with a small pump stroke throughout the subsequent manipulations. All the blood wu 
once more carefully defibrinated and filtered five times. 

The cat s chest was opened in the midline, the pericardium was split, a cannula was inserted into 
the pulmonary artery (Fig. 1, PA)^ a string was tied firmly around the bases of the ventricles and 
a second cannula was put into the left auncle [LA). The chest wall, which during the preparation 



Fig. I. Diag ram of lung perfusion and respiratory circuit. For details see text. 


had been pulled open, was now allowed to come back almost to its original position leaving a space 
for the two cannulae. At this point the frame of the moist chamber (described ^below) was put 
into position. 

The lungs were perfused with a DaJe-Schuster pump. The tube leading to the arterial cannula 
was connected by a side tube to a 20 c.c. pipette [P) the other end of which was closed and which 
was filled with air, thus acting as an air cushion. A second side tube led to a shunt through an 
artificial resistance set at 50 mm. Hg. Another air cushion was provided in the arterial cannula [G) 
itself: the glass tube inserted in the pulmonary arteiy was bent and widened into a tube of 2 cm. 
diameter held vertically. This cylinder was partly filled with blood, partly with air, and closed 
with a rubber stopper through which one glflsa tube let the blood in, while another was connected 
with a mercury manometer and also with a membrane manometer [M) for optical recording of the 
pulmonary arterial pressure. The venous pressure ^ros measured by a water manometer (I ) 
connected with the cannula in the left auricle. The pulmonary arterial pressure could be inc 
at will by raising the resistance in the shunt and/or by increasing the pump stroke. The venous 
pressure could also be raised at will by obstructing the outflow from the venous connu wit a 
screw clamp (3). At the beginning of each eiperiment the venous pressure was zero on t c p 
monary arterial pressure 18-20 mm. Hg. 
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Cats’- longs, when perfused with defibrinated blood, easily become oedematons. 

(J9U) first pointed ont the necessity for washing out the blood vessels with defibrinated blo^. In 
OUT own eiperiments, not only this precaution but also the reduction in pulse pressuw by air 
coahions, the avoidance of evcessive arterial pressure by including a shunt, and finally the in- 
flation of the lungs with a small volume of air secured good results. In large and strong cata the 
perfusion could be maintained for -h-o hr. without lung oedema developing. But even with the 
precautions described we still had occasional failures in which lung oedema began within half an 
hour of starting the perfifeion. IVe are reporting here the pesults of six successful perffisioiis with 
a total of twelve reversible congesUons. 

Ihe lungs were inflated with known volumes of air (40-50 c.c.) from a rigid pump similar in 
principle to the Starling Ideal Pump, running at 14 strokes per min. This allowed about 2 sec. for 
the completion of expiration. The rotary expiratory valve of the Starling Ideal Pump was replaced 
by an electromagnetio valve ( T) worked by a commutator on the shaft of the pump. This valve 
was absolutely airtight. In order to detect any variation in the amount of air in the lungs at the 
end of expiration a 10 1. bottle [B) was connected to the expiratory outlet and to the pump inlet, 
thus producing a closed circuit. A sensitive membrane manometer recorded changes in pressure 
in this bottle and was calibrated by withdrawal of known amounts of air from the circuit. A second 
membrane manometer connected to the tracheal tube recorded the pressure during inflation and 
indicated gross changes in the resdstanco to inflation due to narrowing of bronchioles or changes 
in the long parenchyma. 

A moist chamber was required for the dissection of the single vagal fibres in the neck. The 
animal lay on a warm table. A wooden frame had pieces cut out to fit over the cat's head and belly. 
The right side of the frame bad an opening with a rubber curtain through which the operator 
could pass his hands to dissect the vagus. Through a hole in the left side of the hoi a tube was 
passed and connected with the venous cannula. The glass top consisted of two glass plates which 
were slid on from both sides as soon as the perfusion had been started; they had a hole cut out to 
fit around the arterial cannula. Any spaces left were plugged with cotton wooL Warm moisture 
was produced by an immersion heater in a small dish of water covered with wet muslin. 

Single fibre preparations were obtained by eatting down the vagus nerve with sharp needles. 
In spite of the absence of blood supply to the nerve and to the tissues of the neck it was usually 
possible to obtain responses from a number of pulmonary stretch afferents. Occasionally, when no 
response could be obtained, conduction was re-established by dissecting away fatty tissue sur- 
rounding the nerve in the anterior mediastinum and exposing the whole length of the nerve to air. 
In one dog, the lungs of which were successfully perfused, very few fibres were found to be alive 
in the neck and these rapidly failed after dissection. As pointed out by Daly A von Euler (1932), 
in coimeiion with the survival of vasomotor fibres to the lungs, a bronchial blood supply is essen- 
tial in the dog. The feet that the nerve trunk and the tissues in the hflus of the lung are much 
thicker in the dog than in the eat probably accounts for the difference in survival of the vagal 
fibres. In these perfused lung preparations we have never found any activity in other thno stretch 
fibres. Depressor fibres are known to have a smaller diameter and to belong to the S group 
(O’Leary, Heinbecker & Bishop, 1934); such fibres are very sensitive to oxygen lack (Grundfest, 
1939), and are unlikely to be active in these conditions. Xerve impulses were recorded by means 
of the usual amplifier, ratbode ray tube and camera. Artefacts arising from the perfusion apparatus 
were avoided by earthing all parts which were electrically connected to the cat. The moist chamber 
was screened ns far as possible and earthed. 


Results 

The discharge from the stretch afferents from perfused lungs tras in all respects 
similar to that seen m cats tvith normal circulation and in which the lun^s were 
inflated with the same pump (^Vhitteridge & Biilbring, 19-tt). The relation 
between degree of inflation and frequency of vagal impulses was normal. In 
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sncc^sful perfusions the frequency of discharge with a constant pump stroke 
remained steady within + 2 % over 20 min. At the end of some perfusions, 
when the lungs were not collapsing as well as in the beginning, there was a 
tendency for the frequency to rise progressively in spite of the constant pump 
stroke. TlTien this occurred it was found that the pressure of air in the reservoir 
bottle began to fall, indicating that there was some retention of air in the lungs. 



Fig. 2. Lung perfusion. Pulmonary congestion produced by raising the Tenoua pressure to 10 cm. 
HjO at A, and to 20 cm. H,0 at B. Venous obstruction removed at C. © (VF)=Peak fre- 
quency of discharge in a single vagal stretch afferent. • (F.(lP)=Pulmonniy arterial pres- 
sure. (!rP)=TracheaJ pressure at full inflation. (fJP)=Pre3Sure changes 

in the reservoir (these indicate changes in the opposite direction in volume of air in the 
lungs at expiration). 

Congestion was produced in three ways; either by impeding the venous 
outflow up to complete occlusion, or by raising the arj;erial pressure (maximum 
60 mm. Hg), or by impeding the venous outflow simultaneously with raising 
the perfusion pressure. JDuring congestion the shunt was shut. 

The effect of simple venous congestion, corresponding to ‘back pressure 
from the left atrium, is illustrated in Fig. 2. The change in pulmonary arterial 
pressure was at first slight owing to the known capacity of the lungs to accom- 
modate large amoimts of blood. It took about 3 min. before the pulmonary 
arterial pressure became steady at its new higher level. The frequency of dis 
charge in the vagal stretch fibre, however, showed no significant change. 
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At theieginBing of a period of congestioa there was always an iaitial 
increase in the resistance of the lungs to inflatiom Tbs was recorded as an 
increase in the intratracheal pressure at the peak of inflation. In most experi- 
ments this increased resistance was maintained throughout the penod of 
congestion and disappeared at the end. 


VF 



Fig. 3. Lung perfimon. Congestion was produced by raising tbe pump stroke at A and stopping 
the renoua outflow at B. At C the venous clamp was removed and at D the pump stroke was 
lowered to the original level. Indications as Fig. 2. 


During congestion there was also evidence of a retention of up to 4 c.c. air 
in the lungs, indicated by a decrease in pressure in the large reservoir bottle. 
At the end of the period of congestion the retained air was expelled. 

In three experiments in which congestion was produced by impeding the 
venous outflow (nos. 1. 2, 8 in Table 1) there was once a small increa^once 
a small decrease and once no significant change in the firequency of stretch 
impulses. Three experiments were then carried out in which the perfusion pump 




482 


E. BtJLBRING AND B. WHITTERIDGE 

stroke was raised (nos. 3, 4, 5 in. Table 1), tbns increasing the puhnonary 
arterial pressure only, but not the venous pressure. At a pulmonary arterial 
pressure of 40 and 60 mm. Hg there occurred some increase in the resistance 
to inflation, a small retention of air in the lungs and a small increase in fle- 
quency of stretch impulses. 

Much more severe congestion of the lungs was produced by raising the per- 
fusion pressure and also impeding the venous outflow. Fig. 3 illustrates one 
such experiment in which the venous outflow was in fact completely occluded. 



to B. 

There happened to be two fibres the frequency of which could be followed. 
In spite of an increase of 30 mm. Hg in the pulmonary arterial pressure the 
frequency of discharge in both fibres showed insignificant changes. Even this 
maximum congestion did not produce pulmonary oedema and the lungs ivith- 
stood another period of congestion 14 hr. later. 

Fig. 4 a shows another experiment in which the venous pressure was raised 
and the pump stroke was then increased. Though the pulmonary arterial 
pressure rose from 17 to 51 mm. Hg the frequency of impulses dropped tem- 
porarily from 100 to 96 per sec. and never rose above the imtial level throughout 
the period of congestion. 
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ContrastiBg sharply wth the observations described is an e^e^ent-shown 
in ri<^ ib where 3% trichlorethylene was administered for nun. lae 
pulmonary arterial pressure feU slightly and the resistance to inflation also 
dropped slightly but the ftequency of discharge m the vagal fibre rose from 
106 to 166 per sec. The fact that the pulmonary arterial pressure feU, while 



the output of the perfusion pump remained constant, indicates a vasodilator 
action of trichlorethylene. Fig. 3 shows three of the actual records from an 
experiment similar to that in Fig. 4a. 

In Table 1 the mean of the peak frequencies of discharge from stretch 
receptors during congestion has been compared with the mean before and 
after congestion in each experiment. It will be seen that of the fourteen fibres 
studied there were significant increases in five, a significant decrease in one 
while the remaining eight showed no significant change. All the differenced 
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■nere very small and did not exceed 10 impulses/sec., whereas the increase 
caused by trichlorethylene amoimted to 60 impulses/sec. and even larger 
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Fig. 6. Records during lung perfusion (a) before, (b) during, (c) after congestion of lung. The 
second half of inflation and the beginning of expiration is shown in each record. Records m 
(a) from above downwards: (I) impulses in two vagal stretch fibres (retouched); (2) tracheal 
pressure; (3) time marker -nr sud xiv see. superimposed on record of reservoir volume; 
(4) pulmonary arterial pressure. 


Table I. Peak frequency of impulses in vagal stretch fibres 
Significant increase +, signiflcant decrease no significant change 0 



Before ahd 

During 


Result 

E.xp. 

after congestion 

congestion 

Diflforonce 

1 

102-S±0-62 (2) 

I08-I±0-S7 (2) 

+ 5-3 

+ 

0 

9li-l±0-2 (2) 

92-7 ±0-72 (3) 

-3^4 

- 

3 

93-2 ±0-87 (4) 

95-3 ±1-07 (3) 

+ 2-1 

0 

4 

95-0±0-40 (4) 

100-I±0-4 (2) 

+ 5-1 

+ 

6 

91-7±0-03 (4) 

98-9±0-45 (2) 

+ 7-2 

+ 

6 

40-4±l-98 (3) 

31-2±4-04 (4) 

-9-2 

0 

7 

91-7±7-60 (5) 

97-4±O-50 (4) 

+ 5-7 

0 

S 

19-7±0-62 (0) 

20-2±0-51 (6) 

+ 0-5 

0 

9A 

43-5±l-(!4 (5) 

49-7±I-84 (6) 

+ 0-2 

4- 

9B 

59-5±0-70 (6) 

62-6±l-32 (5) 

+ 3-1 

0 

10 A 

45-8±l-01 (3) 

39-7±2 87 (0) 

-6-1 

0 

lOB 

60-2±1-00 (6) 

50-3±1-23 (6) 

-0-9 

0 

11 

99-2±0-60 (3) 

9S-3±107 (5) 

-0-9 

0 

12 

110-4±0'55 (4) 

lI9-I±0-78 (6) 
Weiglitcd mean diflerouco 

+ 8-7 

+ I-(J6±OS7I 

+ 

increases have 

been seen when anaesthetics were 

administered 

to intact 


animals CWhitteridge & Bulbring, 1944). In all cases, including the e.vperiment 
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in which there was a significant fall in ftequency of discharge, tliere was a 
retenrion of air in the Inngs. By altering the stroke of the respiration pump it 
was found that an increase of 4 c.c. of air would be expected to produce an 
increase of about 2—7 impulses/sec. in different experiments. The mean 
differences for all fibres (weighted for the number of observations) was an 
increase of 1-66 impulses during congestion. Brom Fisher’s Table of t (Fisher, 
1941), P lies between 0-1 and 0-05, i.e. this difference is just below the level of 
significance and is certainly not more than would be produced by the retention 
of air. The increased scatter in the majority of cases during congestion suggests 
that the distribution of air to the different respiratory umts has become less 
regular. It seems safe to assume that in Exp. 2 access of air to the relevant 
respiratory unit had been hindered, and it follows that other respiratory umts 
must have received more air than before. 


Discnssiox 

When this work was started we believed that, in conditions in which pulmonary 
congestion plays an important part, there probably is an increased sensitivity 
of vagal stretch endings. We were rather surprised to find that the frequency 
of impulses in vagal. stretch fibres showed increases as small as 7 % in our 
earlier experiments in which congestion was produced merely by impeding the 
venous outflow, and we imagined that we were not obtaining a sufficient degree 
of congestion. With normal capillary permeability one would expect pul- 
monary oedema to begin when the pressure inside the capillaries is just greater 
than that of the plasma proteins. In his perfusion experiments Modrakowski 
(1914) found that the lungs could tolerate pressures up to 80 mm. Hg on the 
anerial side and 35 mm. Hg on the venous side for short periods without the 
appearance of pulmonary oedema. In our experiments we approached these 
limits as closely as we dared and precipitated pulmonary oedema in two 
instances. Nevertheless we failed to observe more than a trifling change in 
the frequency of vagal stretch impulses. 

The appearance of the paper by Trowell (1943) reminded us of the patchy 
interference with air inflow which may be produced by bronchial congestion. 
This he observed to follow very slight degrees of pulmonary cong^tion. In 
our experiments, in which the bronchiolar capillaries may have filled from the 
pulmonarv vems, there was certainly some interference with the collapse of 
the lungs, as 2-4 c.c. of air was usually retained. 

It is likely that this interference with airflow results in redistribution of air 
to the alveoli so that some may collapse and others show some degree of 
compensatory distension. It Mows that a true picture of the effects of anv 
agent causmg congestion can only be obtained by observing'as large a numbmr 
of fibres as possible and by measuring the mean change in firequency of dis- 
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harge. From Table 1 it is clear that there is no evidence for an increased 
sensiti^ty of stretch endings during the greatest possible degree of congestion 
up to the point of lung oedema. 

A more prolonged congestion was impracticable as it is impossible to rely 
on longer survival of a single fibre preparation. 

The question may well be asked whether conditions in an open chest with 
i^ation of the lungs with positive pressure are comparable with those in a 
closed chest. In fact. Drinker, Peabody & Blumgart (1922) found during con- 
gestion a considerable increase in the resistance of the lungs to inflation when 
the pleura remained intact, and a much smaller change with the pleura open. 
Christie (1938) ascribes the whole of the reflex effects of congestion to these 
observable changes in resistance to inflation'. But in our e.xperunents there 
was consistently an increase in resistance to inflation at the beginning of con- 
gestion, at which time the vagal frequency may rise or fall. 

Since the mechanical condition^ of our experiments were probably com- 
parable with those in the perfusion of dog’s lungs carried out by Daly, Ludany, 
Todd & Verney (1937), we think it highly unlikely that in their experiments 
any increase in sensitivity of stretch endings occurred. They found, however, 
that pulmonary congestion, produced by impeding the venous outflow, not 
only reflexly afifected the systemic blood pressure but also stimulated the 
separately perfused respiratory centre. Both an increase in respiratory rate 
and an increased inspiratory tone were seen. We are therefore forced to the 
conclusion that there must be a second set of afferent fibres in the vagus which 
is capable of accelerating the respiration. This is the view put forward by 
Partridge (1939) and by Hammouda et al. (1943). So far, the only known method 
of increasing the sensitivity of stretch endings is by the administration of 
volatile anaesthetics (Whitteridge & Biilbring, 1944). A re-investigation of the 
rapid breathing caused by multiple starch embolism (Walsh & Whitteridge, 
1946) has shown that there is no consistent sensitization of stretch 
endings. 

Summary 

1 . A method is described for the perfusion of the cat’s lungs and for simul- 
taneously recording the activity in single vagal afferent fibres. 

2. The lungs were congested for periods of from 2 to 5 min. by impeding the 
venous outflow up to complete occlusion or by raising the pulmonary arterial 
pressure up to 60 mm. Hg. Neither of these two methods, nor the com- 
bination of them, caused any significant change in the frequency of discharge 
from vagal stretch endings. 

3. Reasons are given for beiievmg that pulmonary congestion in the intact 
chest is not accompanied by increased sensitivity of vagal stretch endings, any 
more than in the perfused lungs. 
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4. These results cast doubt on a current hypothesis to explain cardiac 
dyspnoea. Eeflexes arising from other than stretch afferents in the vagus may 
be involved. 

The atrthors iriaii to thank Mr H. TV. T.ing for hia careful technical help, and the Christopher 
tVelch Fund Trustees for de&aying the cost of photographic material. 
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Reversible adsorption of haemoglobin at an oil/water interface. 
By G. S. Ajdaib, J. J. Elkes * A. C. Fbazeb* J. H, ScKOLiiiS' and H. C. 
Stewabt.* From the Physiological Laboratory, Cambridge; Pharmacology 
Dejmrlmoit, Birmingham; Colloid Science Dejpariment, Cambridge; and the 
Physiology Department, St Mary’s Medical School, London 

We have previously described the adsorption of proteins to charged oil/water 
interfaces as a pH-conditioned phenomenon. Haemoglobin behaves similarly, 
being adsorbed to a negatively charged emulsion in acid media up to pH 6-8, 
and above this value to positively charged interfaces. 


NEGATIVE INTERFACE 



POSITIVE INTERFACE 



Fig. 1. The adsorption of haemoglobin on oil/water emnlsion. The crosj-hatching 
represents sdsorgdon and floccnlation- 

The point of change-over is in accord with the isoelectric point determined 
by Adair [1934]. The adsorption of protein on to emulsion lesnlts in the 
formation of floccules which with haemoglobin have a deep red colonr. 

K the red floccules formed at pH 4-6 and washed free of any unattached 
haemoglobin are transferred to a buffer of pH 8-6, the red haemoglobin is 
immediately released and the emulsion redispersed. If this misture is centri- 
fuged at 10,000 r.p.m., the oil droplets separate as a white layer leaving a 
clear red solution below. 

The negative interface, used in these experiments, was obtained with olive- 
oU emulsion stabilized with 0-2% hexadecyl sodium sulphate; the positive 
interface with a similar emulsion stabilized with 0-2% hexade^yl tiimetlivl 
ammonium bromide. ^ 

• Sir Halley Stewart Beaearch Fellow. 
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The effect of reversible adsorption on the haemoglobin molecule. 

By G. S. A t>a tk , J. J. Elkes,* A. C, Fkazer,* J. H. Sohulman and 
H. C. Stewart.* From the Physiological Laboratory, Cambridge; Pharma- 
cology Department, Birmingham; Colloid Science Department, Cambridge; and 
the Physiology Department, St Mary's Medical School, London 

The effect of reversible adsorption of haemoglobin to the oil/water interface 
on its molecular structure was studied by spectroscopy and solubihty tests. 

B^ore adsorption. The original haemoglobin solution gave two absorption 
bands at 678 and 640, and the addition of sodium hydrosulphite gave a purple 
pigment with one broad absorption band at 666. These spectra correspond 
with those of oxyhaemoglobin and reduced haemoglobin. The pigments were 
freely soluble in a 1*6 Af phosphate buffer at pH 6-8. 

After adsorption. The red pigments gave three very faint absorption bands, 
one in the red and two in the green part of the spectrum, suggesting either a 
mixture of oxyhaemoglobin and alkaline haematin, or parahaematin [Keihn, 
1926]. 

The addition of sodium hydrosulphite gave rise to the unmistakable speo- 
trum of haemochromogen with well-marked bands at 668 and 620. These 
pigments were precipitated by 1-bM phosphate buffer at pH 6-8. These results 
indicate some degree of denaturation of haemoglobin after adsorption at an 
oil/water interface. 

A larger amount of the red pigment was prepared in a later experiment, 
to facilitate spectroscopic observations, and it was found that the bands m 
the green corresponded to parahaematin and not to oxyhaemoglobin. This 
soluble form of parahaematin obtained after adsorption showed the reversible 
colour change, brown on heating, red on cooling. 

• Sir Halley Stewart^Ttesearoh Fellow. ^ 
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The proteinase of skin. By A. Beloff and R. A. Peters. 

The Department of Biochemistry, Oxford 

A search for an enryme of this nature has been made in connexion with work 
upon thermal burns in the attempt to settle whether liberated enzymes can 
act as ‘bum toxins’. We have proved that there is present in the skin of 
man, the rat, rabbit and gudnea-pig a genuinely proteolytic enzyme, with an 
activity pH curve resembling that of trypsin. The enzyme is extracted from 
finely divided ‘acetone-dried’ skin with 6% KCl in phosphate buffer solution 
(pH 7-0); the latter alone does not extract it. Even under the best conditions 
approximately 50% of the proteolytic activity remains behind. The enzyme 
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ia relatively stable to beat, not more than 25% inactivation taking place 
after 6 min. beating at 70° C.; bence it is not destroyed by a temperature 
wbicb will produce a severe burn wben appbed for 1 min . [Leacb, Peters & 
Eossiter, 1943]. 

Bbortly after burning in tbe rat, the proteinase content of tbe skin is 
diminisbed, botb tbat of tbe extractable enz 3 ?me and of tbe enzyme still left 
unextracted; suggests tbat tbe proteinase is bberated after beating. Since 
Medavrar [1941] bas sbown tbat trypsin -will bberate dermis from epidermis 
in human alri-n, it is possible on our facts to advance tbe bypotbesis tbat tbe 
bberated proteinase prepares tbe akin for bliater*formation. Table 1 gives 
some illustrative results. 

Table 1. Changes in amino-N (by Van Slyke method) in extracts fiom burned and control 
patches of alrfn (rat), due to proteinase action on casein. Burning by application of bnming 
iron for 1 min. Anaesthetic ether. Skin removed after killing, chopped with scissors and 


extracted. 

Temp. Time of 



of 

burning 

iron 

Time 

killed 

after 

Condition 

casein 

diges- 

tion 

Extract 

ftom 

Amino-N* 

A 

i k 

% de- 

Exp. 


burning 

of Bkin 

hr. 

patch 

Initial 

Increase 

crease 

1 

Ql-2 

2 hr. 

Slight haemorrhage 
and oedema (10 %) 

2 

Control 

Burned 

O-Ati 

0-272 

0-612 

0-268 

S6 

2 

65-67 

20 min. 

Small haemorrhagio 
patch without 
oedema 

1 

Control 

Burned 

0-332 

0-272 

0-268 

0-188 

30 


• Estimated in comparable amounts of digestion mixture, mg. NH^/5 o.o. extract. 


This work was done with grants from the Bums Sub-Committee of the War Wounds Com- 
mittee, Medical Beaearoh Conned. We are indebted to hTiaa Jenkms for technical assistance. 

BEPEBENCES 

Leach, B. H., Peters, B. A. & Eossiter, B. J. [IW3]. Quart. J. exp. Physiol. 32, 67. 
Medawar [1941]. Nature, Land., 148, j^SS. 



PROCEEDINGS 

OF THE 

PHYSIOLOGICAL SOCIETY 

18 March 1944 

Appreciation of the colour of small objects. By H. Habtbidge. 

Bt fiariholof new’s Medical College 

It is 'well known that difficulties are experienced in comparing the colour or 
intensity of one small object wath that of another-. It is not so generally known 
that the colours of such objects are considerably modified so that the observed 
colour differs materially from the true colour. The conditions under which these 
modifications occur may be summarized as follows : 

(1) Errors in colour appreciation due ‘to the chromatic aberration of the eye. 
It is found by experiment that white and lemon-yeUow objects on a black 
ground tend to be confused because the violet halo produced by the first is not 
readily appreciated and therefore causes confusion with the second. It is 
similarly found that black and purple objects on a white ground are confused 
because the purple halo produced by the second object is not appreciated and 
therefore tends to cause confusion with the first. 

When small colourless objects are at different distances from the observer 
they acquire colours which are caused by the chromatic aberration of the eye. 
Nearer objects are ^ven a blue or blue-green colour, whereas more distant 
objects are given an orange or yellow colour. 

(2) Errors in colour apprecialion produced by the use of common optical 
instruments. In the majority of optical instruments the correction of chromatic 
aberration leaves uncorrected what is caHed the secondary spectrum. Thus m 
microscope objectives the colours of the secondary spectrum are usually apple 
green and purple. But there Eire microscope objectives in which the colours are 
blue-green and rose pink. In consequence of the secondary spectrum, objects 
slightly out of focus are given a spurious colour. Thus the markings on diatoms 
are frequently highly coloured because of this effect and this is fairly generally 
known. What is not so universally known is that objects which refract light, 
for example, droplets of fluid of high refractive index- in a medium of lower 
refractive index (for example xylol in water), acquire a colour which is due to 
the secondary spectrum of the objective. Thus in the case cited the xylol drop- 
lets appear apple green with a narrow pmq)le surround; the latter however is 
frequently masked by other aberrations present in the objective. 

In the case of small coloured objects the same modification of tint can take 
place, thus red blood corpuscles which are naturally straw yellow or pale 
orange in colour become modified to greenish yellow or 4ven in rare cases to 
yellowish green when viewed through an ordinary microscope. Similar altera 
tions of other coloured objects occur. 



PROCEEDINGS OF PHYS, SOG., 18 MARCH 1944 


5P 


The form of the retinal image. By H. Hartridge. 

St Bartholomew's Medical College 

Tie following facts are in favonr of the view that the eye suffers firom 
chromatic aberration: (1) ileasurements by Praunhofer & Wolf [1888], and 
otters stow ttat colonr error is not corrected in the eye as it is in many optical 
instruments. (2) The cobalt bine glass experiment [Tscheming, 1904] demon- 
strates chromatic aberration to be present. (3) Simultaneous contrast will 
enhance rather than neutralize the colonr error present. (4) The error cannot 
be lessened to any appreciable extent by scattered light. The following facts 
are against the view that the eye suffers &om chromatic error: (1) IVhen the 
eye is used in ordinary vision coloured fringes are almost, if not entirely, un- 
observed. (2) The resolving power of the eye for fine detail compares favourably 
with that ^ven by a fuUy corrected lens. (3) The use of a correcting combina- 
tion of crown and flin t glass [Helmholtz, 1909] improves the performances of 
the eye hardly at all. (4) The employment of monochromatic light (e.g. 
sodium light [Luckiesh, 1920]) improves the visual acuity of the eye to only a 
trifling extent. 

The explanation of these apparently contradictory results is provided by the 
fact that two phenomena come into play to reduce the amount of colour error 
present. One operates at small apertures, namely, the correction of chromatic 
aberration by diffraction; the other operates at large apertures, namely, the 
retinal direction [Stiles & Crawford, 1933] effect. With regard to the first it is 
found that the rays which form the smallest aberration disks on the retina are 
those which undergo the greatest amount of diffraction and vice versa, the 
consequence being that the one tends to neutralize the other. The neutraliza- 
tion, however, is not complete for the extremely long red rays or for the 
extremely short violet ones, thus explaining the cobalt blue glass experiment. 

With regard to the Stiles and Crawford phenomenon this operates at pupil 
diameters larger than about 5 mm. There would seem to be some factor in 
addition to this which operates particularly at medium apertures. It is not 
known at the present time what this is. Investigations on point are 
however, in progress. 


The relationship of lipolysis to emulsification of triglyceride in the 
small intestine. By A. C. Frazer* and H. G. SAioroxs.t From the 
Pharmacology Departinent, Birmingham 

In t’ifro experiments show that a triple combination of monoglyceride/fatty 
acid/bile salt provides an emulsifying system which is effective over the whole 
physiological pH range in the small intestine. Bile salts occur in the normal 
intestinal contents in suitable concentration (less than 1 %) during fat absorp- 
tion. The monoglyceride and fatty acid can be formed by hydrolysis of tri- 

• Sir Halley Stewart Research Fellow, 
t lady Scott IToncrieff Research Scholar. 
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glyceride. The relationship of lipolysis and emulsification is illustrated by two 
groups of experiments. 

(ffl) In vivo expenTnenis. If the finely emulsified olive oil is collected feom the 
small intestine of the rat, the particle can be shown to be negatively charged 
and resistant to acid at pS 4*0. If oleic acid is administered, it is not finely 
emulsified in the small intestine. Sodium oleate stabilized emulsions of paraffin 
cream and break if left in the intestine for a few hours. 

(6) In vitro experiments. If olive oil and hpase solution buffered to pH 6'6 
are incubated at 37° C. lipolysis ensues. K this solution is shaken at hourly 
intervals, emulsification does not occur. If 0-6 % of bile salts is added emulsi- 
fication occurs spontaneously. Spontaneous emulsification at this pH does not 
occur with fatty acid and bile salt alone but only when they are combined with 
monoglyceride. 

The possible effect of pH, time, and the nature of the substrate on mono- 
glyceride formation during lipolysis is being investigated. 


The mechanism of emulsification of triglyceride in the small 

intestine. By J. J. Elkes,* A. C. Fbazbb,* J. H. Sohulman Aun 

H. 0. Stewajst.* From the Pharmacology Departmen^y Birmingham; CoUoid 

Science Department, Cambridge; and Physiology Department, St Mary's 

Hospital Medical School, London 

Triglyceride is finely dispersed in the small intestine and parafidn emulsion of 
similar dispersion is readily absorbed [Frazer, Stewart & Schuhnan, 1942]. The 
mechanism by which triglyceride is finely emulsified in the small intestine has 
not been satisfactorily explained or demonstrated. 

The possible factors in the small intestine which might be concerned in 
emulsification appear to be fatty acid, •monoglyceride, soap, cholesterol, and 
bile salts. Pbospholipin has been excluded since it can be shown by e^eriment 
with flocculation reactions and leoithinase that it does not form an essential 
part of the stabilizing interfacial film in intestinal emulsions [Bikes & Frazer, 
1943]. The possible emulsifying agents have been studied singly, and in double 
and triple combinations. The criteria considered necessary for the assessment 
of a satisfactory intestinal emulsifying system are : 

(i) Effective action over a pH range of 6-0-8-5. 

(ii) Spontaneous emulsification without violent agitation. 

(iii) Particle size of less than O-S/x diameter. 

(iv) Stability for a period of 3 hr. 

In aU the experiments only one system was found to satisfy these crite^ 
completely. This system is the triple combination of monoglyceride/fatty acid/ 
bUe salt. This system produces excellent emulsification over the whole of the 
physiological pH range found in the small intestine. It js suggested that fatty 
acid supplies the necessary charge on the monoglyceride stabilized partic e at 
• Sir Hallej Stewart Beaearch Fellow. 
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the more alkaline end of the pB. range, while the fatty acid/bile salt complex 
provides the charge when the ionization of the fatty acid is depressed in more 
acid media. 

BEEERBNCES 

Elkea, J. J. & Frazer, A. C. [1943]. J. Physiol. 102, 24 P. 
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The renal tubular reabsorption of phosphate in man. By J. A. 

Babclay, H. G. Bray and W. T. Cooke. The Departmmts of Physiology 
and Biochemistry (Birminghnm Medical School) and the Birmingham United 
Hospital 

Some measure of the rate of tubular reabsorption of phosphate would he of 
value, not only from the viewpoint of renal physiology, but also as a means of 
assuring the extent of the renal lesion in defects of phosphorus metabolism. 

The experiments were carried out on ten students and four hypertensive 
patients, observations being made over a total of 62 periods. 200-300 c.c. of 
isotonic phosphate at pH 7-4 were administered intravenously. Harrison & 
Harrison [1941a] point out that phosphate given intravenously enters into 
organic combination but show that at the end of an hour it is present once 
more in the inorganic form; the first blood sample was therefore not taken 
before an hour had elapsed. 46 min. after the phosphate injection Inulm and 
Diodone were administered in nine of the subjects by the subcutaneous route 
as a 26 % solution of Inulin and a 16 % solution of Diodone [Findley & White, 
1940], or by continuous intravenous drip at the rate of 4 c.c./min,, a total of 
400 c.c. of 0>6% Inulin and 0-3% Diodone being given. A ‘priming’ dose of 
1-3 c.c. 35% Diodone and 30 c.c. 10% Inulin was given when the drip was 
started. 

Harrison & Harrison [1941 o, 6] showed that in the dog the rate of reabsorp- 
tion of phosphate is affected by the rate of glomerular filtrate, an increase in 
filtration rate leading to an increase in phosphate reabsorption, a decrease to a 
decrease in reabsorption ; the rate of reabsorption in terms of volume of glo- 
merular filtrate being fairly constant, and that it is convenient to express it in 
terms of 100 c.c. of glomerular filtrate. 

We find that in man the rate of reabsorption of phosphate expressed as P in 
mg./min./lOO c.c. glomerular filtrate for the 62 periods is 3-63 o0-83; where 
the Inulin and Diodone were given subcutaneously — 36 periods, 3-16 a 0-68 
and where they were given intravenously — 26 periods, 4-02 a 0-6. 
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A simple apparatus for remote nerve stimulation in the un- 
anaesthetlzed animal . By J . Greig, Department of Electrical Engineering, 
Northampton Polytechnic, London, and A. Bitchie, Physiology Department, 
University of Edinburgh 

The electrical stimulation of nerves normally inaccessible in the conscious 
animal may be effected by the use of induced electric currents excited ffom an 
external source. 

^The circuit arrangement of a simple apparatus for this purpose is shown in 



(o) (b) 

Fig. 1 


The oscillator circoit, which is push-pull, operates at a frequency of about 100 kc./sec. The 
alternating magnetic field of the coil extends at a nBefol intensity to a distance of some 20 or 
30 cm. This field serves to induce a high-frequency voltage in a pick-up coil which may bo 
placed in a suitable position embedded in the tissues of the experimental animaL As the typo of 
current required for nerve stimulation is interrupted (Lc. the pick-up coil is aixanged to feed a 
reservoir condenser through a small copper oxide rectifier. The direct voltage developed across 
is applied by contact points to the nerve. Interruption may be effected by a mechamcal or 
electrical interrupter (shown for simplicity as a switch in series with the high-tension supply to 
the oscillator). A convenient and flexible method of intermption is to apply an additional fixed 
grid bias to the oscillator of sufficient value to prevent oscillation and to employ a positive pulse 
from a pulse generator to ‘lift* this bias and permit oscillation for a suitable interval followed 
by the appropriate quiescent period. With this arrangement the ratio of ‘on’ to ‘off’ period is 
readily varied. Alternatively the oscillator may be made self-interrupting by adjustment to 
the ‘squegging* condition, but this method, although simple, is relatively inflexible. 

The size of the complete pick-up uni t consisting of pick-up coil, miniature 
rectifier and reservoir condenser, all embedded in wax, depends to a con- 
siderable extent on the voltage required, but for normal purposes, where the 
requisite voltage does not exceed 0’6 V., a space some 3 cm. square by 0-5 cm. 
deep is adequate. 

The output voltage is very considerably increased if the pick-up umt is 
operated at or near resonance, but this condition is necessarily much more 
sensitive to alight maladjustments. 
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An explanation of the retinal direction effect- By H. Habtbidge. 

[St Bartholomeid’a Medical College) 

As described ia detail ia the commimication which adjoins this one, there 
are two alternative plans for the trichromatic theory: 

(1) Three types of cone: for red, for green and for blue. 

(2) One type of cone for all colours. 

Stiles found that the directional effects of the retina differed according to 
the colour of the light used for the measorements, thus supporting the three- 
, cone hypothesis. It is not easy, however, to surmise the precise arrangement 
of the cones. 

(1) Suppose the cones to be distributed irregularly with the red cones 
tilted one way, the green cones another way and the blue cones a third way, 
then here and there should be spaces between the cones. Histological sections 
do not support this conclusion. 

(2) Suppose that one red cone, one green cone and one blue cone together 
form a unit and that these units make up the mosaic of the retina. Suppose 
further that in each of these units either the tips, or the bases, of the cones 
tend to approach one another, and that in each unit the red cone occupies 
a constant position {say on the right) and similarly for the green cone and 
the blue cone, then red cones everywhere will have a constant tilt in a par- 
ticular direction, and similarly for the green cones and for the blue cones. 
But here also the inclination of the different cones should be visible in histo- 
logical sections of the retina, which is not the case. 

(3) Suppose there arc areas of the retina occupied exclusively, or almost 
exclusively, by cones of a particular kind. At one place, for example, red 
cones predominate, at another place green cones and at a third place blue 
cones. When the observer is using red light he causes the image to fall on 
the place where the red cones predominate. These cones all lie ti^tly packed 
side by side and are, therefore, all inclined in the saibe direction. When, on 
the other hand, he is inspecting objects illuminated by green light be makes 
use of a retinal area where green cones predominate, and this will have a 
different tfft from the cones in -the red area. In consequence the directional 
effect for the green rays will be different &om that of the red ravs. 
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(4) This supposition is acceptable, for it is a well-known aspect of the law 
of chance, if three populations are distributed in an haphazard manner,' that 
there will be places where one of these populations will predominate at the 
expense of the other two. 


The rival theories o| trichromatic vision. By H. Haetbidge. 

{St Bartholomew’s Medical College) ' 

The trichromatic theory states that there are three separate mechanisms 
_ provided by the foveal cones, one responding to red rays, another to green 
rays and a third to blue rays. There are two different plans which might 
provide the required mechanisms: the single-cone plan and the triple-cone 
plan. According to the single-cone plan, the foveal cones are all of one type, 
being stimulated by all rays of the visible spectrum. According to the triple- 
cone plan, the foveal cones are of three different types: those for red, those 
for green and those for blue. 

The evidence pro and con these two plans .will now be considered. 

(1) The study of the electrical responses of the retina by Granit, Hartline, 
etc., supports the three-cone plan with the possible addition of some cones 
for all rays (dominators) and cones for blue-green rays. 

(2) The properties of nerve conduction support the three-cone plan. The 
single-cone plan could only work if each nerve fibre could transmit three 
different messages to the brain. 

(3) The study of colour blindness supports either plan. 

(4) The study of the peripheral retina, which is green blind, supports 
either plan. 

(6) The retinal direction effect, as mentioned in the accompanying com- 
munication, is strongly in favour of the three-cone plan, particularly if the 
red cones, the green cones or the blue cones are_ concentrated in separate 
areas according to the law of chance (special triple-cone plan). 

(6) Visual acuity tests support either the single-cone plan or the special 
triple-cone plan mentioned under (6) and referred to in the accompanying 
communication. 

The position may be summarized as follows: 

Single-cone Triple-cone Special-triple-cone 

plan plan ' ptm 

(1) Electrical responses . * ^ 

(2) Nerve conduction . ^ 

(3) Colour blindness n 

(4) Peripheral retina ^ x 

(5) Retinal direction effect . • ^ 

(6) Visual acuity 

It will be seen that the special triple-cone plan is the most likely according 
tg the evidence at present at our disposal. 
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An approximately linear and isotonic frontal writing lever. By 
H. 0. Sn rnr.-n {The Pharmacology Department of University College, London) 


As tie frontal writing lever rises from the horirontalj the movement of the 
Jip of the writ ing point is not strictly proportional to the contraction of the 
tissue. At small angles the magnification (AT) 
approximates to the ratio of lever arms Ij/L, 
otherwise it is given by 

_ lh\ A + sin 0— -y/lA- — (1 — cos 0)^ 



\lj B—\/[B^—2Bshid + 2 (1— COS0)] ' 

If 0= angle of lever with horizontal, 

10= effective length of writing point, <1 = dis- 
tance of point of attachment of tissue to 
horizontal lever, then A = io/Zi and B^djh; 
it is assumed that in the horizontal position 
the tip of lies vertically above the tissue and 
that of Zj in the vertical plane of the drum. 

As the lever is tilted deviations from linearity 
arise owing to the writing point and muscle 
string deviating from vertical. The error due 
to the string is < 0-5 % between 0° and 30° if 
B > 4, that due to the writing point may be 

correctedtoanydesired extent by lengthening o lo 20 30 ° 

it (increasing A). Fig. 1 shows the error at Angle of lever with horizontal 
angles between 0 and 30° of four levers Fig. l. Percentagedeviation&omlinear 
differing only by the length of their writing ““S^cationateicnraionafromhori. 
points. An adjustable angular stop may be 
used to limit the excursion. 

The pull exerted on the tissue by a weighted 
frontal writing lever often varies with the ex- 
cursion. An empirical correction enabling the 
lever to balance in aU positions against a ^ven weight may be made bv means of 

S Th ^'^tably weighted and 

tdted^ The amount of correction thus applied varies as the lever rnoves the 

^ectmn and rate of change of the correction being dependent on the ande 
the ivue makes with the lever. Instead of the pin a fine fhreod , ® ® 

.Ci.. a, .eight be esed, h. -MchThe 

denends on tho e • unterweiuht 


zontal np to +30° when li = 15 cm., 
lj=3 cm., d=21 cm. and w=3, 6, 15 

30 cm. An almost identical deviation 

in the opposite dir^tion occnrs be- 
tween 0° and -30°. Both deviations 
added give the total error. 


V y LU.C 

depends on the distance of the nut from the pivot. 

I Wi^h to thank Dr W. H. Xewton for the use of his notes 


on the frontal writing lever. ' 
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Anaphylactic shock in the guinea-pig. By L. B. Winteb. 

(DejiartmeM of Physiology, University of Sheffield) 

e^rerimenta in wUch reacting doa«s of antigen have been 

one horn f occurred in a number of animals; yet the uterus, 

Ze of Tr anaesthesia before the reacting 

The ™ to be insensitive when tested inUe bath. 

of theTn? by .the direct action 

accounrf^"'' ^“ooth muscle in the lungs, but it is difficult to 

not in .in f smooth muscle in one situation in the body and 

Z the liver may play 

n important part m some cases of acute anaphylactic shock in the guinea-pig, 

possible that acute shock in animals whose uteri are insensitive may 
in ^ r ° “^tion of cells other tlian those of smooth muscle, possibly 

nnri ^ ® P“^t 18 months fifteen such observations have been made, 

ea occurred in eleven of the animals. Some indications of this pheno- 
fLq ^ ^ earlier work, but at that time they were not regarded 

• e symptoms are, however, typical of anaphylactic shock and the 
equency o occurrence is such that these cases can nq longer be ignored. 

u erus was insensitive in 16'7 % of animals in which acute shock was 
observed. 
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Renal hypertrophy. By C. Reid. (Physiology Department, 
London Hospital Medical College) 

Removal of one kidney, as is well known, leads to hypertrophy of the sur- 
ki^ey, but a further increase in size can be induced in the remaining 
withm 2 weeks by a protein diet (lean meat only), a dietetic procedure 
w c also induces hypertrophy of both kidneys in intact animals such as 
mice, rats and cats. These hypertrophied kidneys have about the same per- 
centage of total N as normal kidneys, so that deposition of N must occur. 

* comparable increase in size of a remaining kidney does not occur after 
removal of the pituitary or thyroid gland. 

The hypertrophy due to protein feeding is reversible when the animals are 
returned to their original diet with a lower protein content. Further, the 
growth of the kidney does not appear to bo associated with the necessity to 
excrete increased amounts of N end products as the exhibition of urea, uric 
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acid, creatine, creatinine and purine derivatives to normal mice does not 
increase kidney weiglit significantly. Moreover, the feeding of single amino- 
acids such as glycine or alanine is witiiout comparable effect on kidney weight. 

It is perhaps permissible to link the causation' of hypertrophy in a re- 
maining kidney with that in the kidneys of protein-fed animals, and to 
suggest that hypertrophy in both cases follows an increased supply to the 
organs of the constituent amino-acids of protein. It is noteworthy that the 
liver and the kidney both show deposition of N with high protein feeding 
and are also important centres for deamination. 


Steroids as structurating agents on social behaviour in castrated 
‘Benzedrinised’mice. ByM. E. A. Chakce. (CflaxoBesearch Laboratories, 
Greenford, Middlesex) 

The normal mouse of either sex treated with 20 mg. of amphetamine sulphate 
{‘Benzedrine’) per kg. body weight shows an activity slightly more marked 
than but similar in behaviour to that of the imtreated animal. 

On the other band, such animals in groups show a characteristic behaviour 
towards one another differing markedly from that of untreated mice, aggres- 
siveness and defence attitudes alternating with escape reactions' during exci- 
tation with the drug. 

Unlike normal animals castrates show the same behaviour in groups as 
when alone; there is rapid random alternation between activities of different 
types. Male castrates treated with desoxycorticosterone acetate or certain 
other steroids, prior to administration of amphetamine sulphate, show a 
structurated pattern of behaviour similar to that of intact animals receiving 
excitatory doses of amphetamine sulphate alone; castrated female mice show, 
uader the influence of these steroids, only a slight tendency to return to the 
normal behaviour of amphetamine-treated males or females. 


Enzymic oxidation of mescaline in the rabbit’s liver. 

By H. Blaschko. {Department of Pharmacology, Oxford) 

Preparations from guinea-pig’s liver containing the enzyme amine oxidase 
attack mescaline (j3-3;4;6'trimethoxyphenyIethylamine) only very slowly 
[Blaschko, Eichter Schlossmann, 1937; see also Pugh & Quastel, 1937] 
but Bemheim & Bemheim [1938] showed that similar preparations &om the 
rabbit readily oxidized mescaline. This probably explains why the rabbit can 
tolerate relatively high doses of mescaline [Slotta & Muller, 1936], Bemheim 
& Bemheim found that the oxidative desamination of mescalme differed 
from that of typical substrates of amine oxidase: the oxidation of mescaline 
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requires tie oxidation of mescaline 


reauires tTio ■ rne oxiaation of mesi 

' Differences^ her^^ ° amine oxidase and of a cyanide-sensitive factor. 

typ^frsubsL^ of.Z^-sympatoI, a 

oSdase fat 1°^ tie Lyme andne 

o^das takes part m tie oxidation of mescaline. Tiese differenc3: 

witi tie o^-/+^ ^ strong iniibitor of amine oxidase, did not mterfere 

with the oxidation of mescaline. 

tirojn^^^^L liad only a very sUgit inhibitory effect on 

oatol w concentrations in wiici tie oxidation of sym- 

patol was completely abolished. ^ 

in/ ^ mescaline to sympatol in saturation concentration caused an 

mcrease m tie rate of oxygen uptake. 
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A new method of staining non-haematin iron in erythrocytes. 

By R. A. M. Case (introduced by M. E. Nurr) • 

Non haematin iron may exist in erythrocytes under certain conditions in a 
stamable form [Griineberg, 1941 ; Case, 1943; Granick, 1943]. Present methods 
0 staining have been based on tie Prussian blue reaction or tie action of 
y ogen sulphide on unfixed cells. Tie latter method is open to criticism in 
so far as it is possible to produce the' siderocyte from a normal erythrocyte 
by the action of hydrogen sulphide on the unfixed cell. 

The Prussian blue reaction is uncertain unless aU the iron is ‘unmasked’ 
y reduction (ammonium sulphide technique of Nishimura [1910]) or oxidized 
(acid-alcohol technique of MacuUum [1^95]). The former method is lengthy 
and offensive, and the latter method may dissolve out some of the iron. 

The following method has been elaborated from chemical considerations 
to overcome "these objections; 

^ Two substances are in common use for the estimation of traces of iron in 
biological material; oca’-dipyndyl, which forms a red compound in the pre- 
sence of ferrous iron, and potassium (or ammonium) thiocyanate, which forms 
a red compound in the presence of ferric iron. In the presence of hydro- 
chloric acid, oa'-dipyridyl combines with ferric thiocyanate to form a purple 
insoluble compound [ Hill , 1930]. 
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A mixture of equal parts of (l),a saturated solution of oca -dipyridyl in 
flistillp.fi water and (2) 7 % potassimp thiocyanate in 1 % hydrochloric acid 
is a colourless solution which is stable for at least a month. Blood films, 
fixed in methyl alcohol, immersed in this solution for 10 min., rinsed in 
distilled water, counterstained in Biebrich scarlet (1%) or picric acid (0'2%), 
show the siderocytes containing purplish granules, the morphology being 
superior to that of the older techniques. 

If the solution is kept in a slide-jar with a tightly fitting cover, and filtered 
occasionally, the staining mixture may be used for bath-staining for a week 
or more, and will deal with several hundred slides. 

The speed and cleanliness of this method make it admirable for climcal 
and industrial use, and the improved morphology makes counting more easy. 

Case, R. A. IL [19431. Mature, Loni., 152, 699. 

Qranick, S. [1943]. Proc. Soc. exp. Biol., N.Y., 63, 255. 

GrUneberg, H. [1941]. Nature, Loud., 143, 114. 

Hill, R. [1930]. Proc. Roy. Soc. B, 107, 205. 

Maculluiti, A. B. [1896]. Quart. J. micr. Sci. 8, 176. 

NUhimura, J. [1910]. Zbl. aUg. Path. path. Artai. 31, 10. 


A single cell photo-electric absorptiometer in which the intensity 
of light source and characteristics of the photo-cell may change - 
without causing error in estimation. By J. M. Peterson. (The 
Physiology histitute, Cardiff) 

Principle. Light is reflected from a eingle eource {j) through two identical aperturea (d, g). 
The two beams of light are bent by the lens (6) to fell on the same area of the photo-cell (a). 

/ is a semicircular rotating disk which alternately interrupts the two paths of light while main- 
taming the effective aperture constant, g and » are two aimular spectroscopically neutral wedges 
J having a scale round its margin, h is the substance whose absorption is measured, c is a colour 
filter. When the intensities of the two beams of light falling alternately on the photo-cell are the 
same, the galvanometer deflexion remains unchanged- When they differ, the galvanometer 
swings with the rotation of /, the speed of rotation being adjusted to the natural period of the 
galvanometer. 

Procedure. With water at h and wedge g set at zero (maximum density) 
t is adjusted to give minimum swing of galvanometer. On replacing the 
water by the substance whose absorption is to be measured' the change in 
optical density of h is shown by swinging of the galvanometer, g is adj^ed 
to balance the optical densities again and reduce the galvanometer swing to 
ita minimum, i is maintained constant and consequently the intensity of 
light falling on the photo-cell when balance is attained is independent of 
variation of the optical density of the substance whose absorption is being 
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measured. Wide variations of the light intensity by means of a resistance in 
the lamp circuit do not interfere with, the balance. The fact that the same 
area of the photo-cell is used in equating the optical densities on the two 
sides eliminates error due to change in the cell. 



Accuracy. The apparatus has so far been used' only for haemoglobin (alkaline 
haematin) estimation. Over a wide range of haemoglobin concentration the 
standard error, stated in terms of oxygen capacity, has been about 0-06 inl. 
Og/lOO ml. blood, for estimations based on five replicates. 
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The rate of the formation of urea in normal and nephrectomized 
animals. By C. Reed, Physiology Department, tonion Hospital Medical 
College 

The kidney forms ammonium ions and, incidentally, it should be noted that it 
has been shown to be capable of a higher rate of deamination per g. of tissue 
than any other tissue of the body. It is conceivable, therefore, that most 
of the formed in the kidney is converted ordinarily into urea in the 

liver. 

To obtain presumptive evidence of this conception the total urea formation 
has-been estimated during 24 hr. in several series of normal and doubly 
nephrectomized rats, fasting for 24 hr. and weighing usually between 150 and 
^200 g,, in the following way: 

(1) Determination of the volume of body fluids in equilibrium with urea. 
Let a: = volume of body fluids in ml. a=mg. urea per mL blood before injec- 
* tion. b — mg. urea per ml. blood 5-10 min. after the injection of 250 mg. 
urea into a vein (1 ml. of a 25% solution). 

Then ax + 250 = (a; -i- 1) b. 


The volume of the body fluids in equilibrium with urea appeared to be of 
the order of 40-50 ml. per 100 g. rat. 

(2) Rats fasting for 24 hr. were nephrectomked under nembutal and then 
kept for a further 24 hr. when the total urea formation was computed &om 
the blood urea concentration and the calculated volume of the body fluids 
(vide (1) supra). Control series of rats were given the same treatment without 
nephrectomy. Their total urea production was found by adding the urine 
urea to the body fluid urea. 

Result. The total urea formed (mg. per 100 g. rat) in the nephrectomked 
rats was about one-thixd to one-quarter less than that in intact animals 
This result suggests that of the urea, which we laiow is formed escinsiveiv 
m the liver, about one-third to one-quarter may be derived from deaminatin- 

rvrnnp'i;cp'5 nf tViA 
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Action of drugs on bleeding time. By G.TJnoab. Nuffield Institute 
for Medical Research, Oxford 

The action of a number of drugs was studied on bleeding time in guinea-pigs. 
Each ear was pricked with a needle (1 mm. diameter), and bleeding was 
recorded by means of a blotting paper. Bleeding was considered stopped when 
no issue of blood or any fluid could be detected for 10 sec. 

In eigbty-eight measurements made in forty-fom control guinea-pigs the 
mean bleeding time was 130 sec. +3. There was no significant difference 
according to sex or age. 

Cblorazol-fast pink, used as an anticoagulant, did not lengthen the bleeding 
time, but this was increased by histamine and acetylcholine. By increasing 
the dose of the latter drug above 0'05 mg./kg. a reversal of the effect was 
observed, due presumably to the release of choline which had a definite short- 
ening effect on the bleeding time. 

Bleeding time was shortened by the pressor principle of the posterior lobe 
of the pituitary (Pitressin), but not by adrenaline or ephedrine. This supports 
the current view that the latter substances have no action on the capillaries. 

Another group of substances was found to shorten the bleeding time without 
having any vasoconstrictor effect; they were a whole adrenal cortical extract 
prepared by Kendall (desoxycorticosterone acetate had no action), the cortico- 
trophic hormone of the pituitary, ascorbic acid and vitamin P. 

The maximum decrease observed was 46 %. In groups of eight measurements 
the standard error of the mean was about 10 %. The change in bleeding time 
induced by drugs was in linear relation with the logarithm of the dose. This 
shows that bleeding time is suitable for pharmacological investigation and 
could be used as a method, of standardizing some of the drugs mentioned 
above. 

The effect of trauma on bleeding time and capillary resistance. 

By G. Ungab. Nuffield Institute for Medical Research, Oxford 

Eleisch & Posternak [1943] observed a shortening of the bleeding time in 
rabbits following numerous punctures performed on the same ear and attri- 
buted it to the effect of trauma. Their experiments were repeated in guinea- 
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jigs taramnatized according to a standard method [Ungar, 1943] and their 
nterpretation was confirmed. In eighty-eight measurements in normal guinea- 
jigs the bleeding time was 130 sec. + 3. After an interval of 6 hr. the bleeding 
ime dropped to 87 sec. + 9. After 3 days it was 78 sec. + 5, and returned to the 
lormal figure of 128 sec. ± 10 after 8 days. (The latter figures represent means 
jf sixteen measurements.) 

At the same time, there was an increase of the capillary resistance as 
measured by the negative pressure method on the ear of guinea-pigs. In 
tn’enty-five control animals the mean capillary resistance was 245 mm. Hg± 9. 
After trauma, it went up to 331 mm. + 18 (6 hr. after) and to 387 mm. ± 28 
(3 days after). After 8 days 'it returned to 249 mm. ± 15. These figures are. 
means of eight observations. 

It has been observed, moreover, that blood serum of traumatized guinea- 
pigs, when injected into normal animals, shortens the bleeding time and 
increases the capillary resistance. Normal guinea-pig serum has only a slight 
effect in increasing the bleeding time. It was previously suggested that 
blood of traumatized guinea-pigs contains a substance identical with the ' 
corticotrophic hormone of the pituitary [Ungar, 1944] which also shortens 
the bleeding time and increases the capillary resistance. 

The simultaneous changes in bleeding time and capillary resistance suggest 
that they both depend on some common factor acting on the capillary wall. 
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The rate of mixing and disappearance of T. 1824 (Evans blue) in- 
jected into the circulation. By E. W. H. Cettickshank and I. C. Whit- 
field. Department of Physiology, Marischal College, Aberdeen 

In the determination of dye disappearance curves it has been assumed that 
(1) the initial rapid fall in concentration (6 min.) is due to miring, (2) the 
subsequent portion of the curve, in which the fall in concentration is constant 
is due to disappearance of the dye, and (3) the tangent point of the two curves 
represents the time at which miri ng is complete [Gibson & Evans 1937- 
Kennedy & Millikan, 1938]. - . ’ ’ 

In the cat we have found that m i x ing is complete within one minute of dye 
mjection. This was shmvn by taking samples from jugular and femoral veins 
at 15, 30 and 60 sec. and thereafter at longer intervab, the dye concentrations 
becoming equal between 30 and 60 sec. (Fig. 1). The initial rapid fall in the 
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curve, however, continues for 6-6 min., the curve then becoming virtually 
linear. If now a second injection of dye be made, the rapid component is 
absent from the new curve. Evidently the dye is initially taken up by some 
mechanism which becomes saturated more or less rapidly in different animals 
[cf. Courtice, 1943]. Previous blocking of the reticulo-endothelial system with 
Indian mk also abolishes the rapid phase (Fig. 2). Since the rapid fall in the 



O " — 9 Jugular T n Normal animal 

-• — *- E’emoral •••*• ^ R.E.S. blocked 

Kg. 1. • , Pig. 2. 

curve is not due to minin g, plasma volumes based on plotting the disappearance 
curve from 6 min. onwards and extrapolating to zero time are, at usual dye 
concentrations, liable to an error which may exceed 20 %. By injecting a 
previous ‘saturating dose’ of dye and determining the disappearance curve 
after a second injection, a true value for the initial concentration of dye may 
be obtained by extrapolation. 
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, Urinary changes during water diuresis. By J. A. Barclay and 
Marjorie E. Nutt. Dejiartment of Physiology, University of Birmingham 

Various workers [Marshall, 1920; Eggleton, 1943] have investigated the effects 
of water diuresis on the composition and reaction of the urine. The con- 
flicting results reported may derive from the fact that experiments have been 
performed on relatively small groups of subjects. In the foUoiving experi- 
ments, although the numbers are not large, results show all the variations in 
chloride excretion previously described. 
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Ten subjects took no bieakfastj^bnt drank 200 c.c. of fluid on rising; nine 
subjects ate their usual breakfast. '"l4-2 hr. later the bladder was emptied and 
two samples of urine collected at 15 min. intervals. SOO c.c. of water was drunk 
and urine collected every 15 min. until the diuresis was over. The volume-of 
urine passed during the dTuresis averaged 711- c.c. in eighteen subjects, but 
varied from 191 to 1174 c.c. In one subject 1300 c.c. of fluid failed to produce 
a diuresis. The taking of a meal did not influence the results. 

Eesults indicate that the movement of urinary pH is not towards the pH 
of the blood but towards some lower value, since aU urines from pH 6-9 
upwards showed a fall during diuresis and more acid urines showed a rise. 
That the pH is- not entirely dependent on volume changes is shown by the 
fact that in eleven control experiments, in which no water was taken, pH 
changes occurred when the urine volume was constant; subjects with higher 
pH values showed a slight fall, and those with lower values a slight rise, fol- 
lowed by a slight fall, during the morning. 

In control experiments the concentration of chloride remained constant, 
and the curves for total chloride excreted mirrored the volume curves. 
Diuresis produced varying results. In three subjects there was a fall in~ 
chloride excretion; in three a shght rise followed by a fall; in one a prolonged 
slight rise; in three a sharp rise followed by a fall, but not to the original level; 
and in five a rise in the chloride excretion which mirrored the increased urine 
volume. 

It is suggested that the varying amounts of fluid passed during diuresis are 
expressions of the state of hydration of the individuals. The subject who drank 
1300 c.c. without producing a diuresis seldom feels thirsty and normally drinks 
very little. When a diuresis was produced his chloride output fell, a finding 
reported by McCance & Young [1944] in rehydration of dehydrated persons. 

The variations in chloride excretion during diuresis may depend on the 
different concentratiop of chloride in the inditiduals’ body fluids. The results 
in general confirm McCance & Young's view that the excretions of water and 
chloride are closely interrelated. 
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The effect of exercise on. the composition of the urine. By J 4 Bab 
cmvv and M,arsorie E. Krrr. Departo,e>,t oj Physiology,' The Ihneersiu, 

of Birmingham 

Duiiug a class experiment in October 1943, it rvas found that the effect of 
exercise on water ^uresis differed somewhat ffom the results reported bv 
Eggleton [1942]. Exercise produced no inhibition in four subjects sh'uht 
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curve, however, continues for 5—6 min., the curve then becoming virtuallT 
linear. If now a second injection of dye be made, the rapid component is 
absent from the new curve. Evidently the dye is initially taken up by some 
mechanism which becomes saturated more or less rapidly in different nnimals 
[cf. Courtice, 1943]. Previous blocking of the reticulo-endothehal system mitli 
Indian ink also abolishes the rapid phase (Fig. 2). Since the rapid fall in the 



Fig. 1. • , Fig. 2. 

curve is not due to mixin g, plrisma volumes based on plotting the disappearance 
curve from 6 min. onwards and extrapolating to zero time are, at usual dye 
concentrations, hable to an error which may exceed 20 %. By injecting a 
previous ‘saturating dose’ of dye and deter minin g the disappearance curve 
after a second injection, a true value for the initial concentration of dye may 
be obtained by extrapolation. 

✓ 
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.Urinary changes during water diuresis. By J. A. Babclay and 
jMabjorie E. Nutt. DepartmeiU, of Physiology, University of Birmingham 

Various workers [Marshall, 1920; Eggleton, 1943] have investigated the effects 
of water diuresis on the composition and reaction of the unne. The con- 
flicting results reported may derive from the fact that experiments have been 
performed on relatively small groups of subjects. In the following experi- 
ments, although the numbers are not large, results show all the variations in 
chloride excretion previously described. 
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Recognition of renal calculi by chemical methods and X-ray diffrac- 
tion patterns. By J. A. Barclay, Physiology Department; Univer- 
sity of Birmingham] W. T. Cooke, United Hospital, Edgbaston, Birmingham, 
and M. Stacey, Chemistry Department, University of Birmingham. 
With assistance in the X-ray patterns by Dr A. D. 'Booth, and chemical 
analysis by Mr P. W. Kent. 

Examination of more than thirty atones has so far revealed five types. The 
majority, however, fall into two main groups which have quite distinct X-ray 
diffraction patterns. In the rarer groups there is some degree of overlapping. 
The characteristics are as foUows: 

Most stones, including those of type D, contain magnesium phosphate in 
small amounts. 

Type B. The carbonate-apatite group 

To this group belong most stones in the bladder, kidney and salivary gland. 
The X-ray diffraction pattern is that of the min eral dahUite, and furthermore 
is identical with that of teeth and bone. 

Chemically, a type B stone can readily be recognized by its immediate 
effervescence with dilute HCl and by its high phosphate content. Some type B 
kidney stones contain 2-6 % cholestrol. 

Type BI. Hydroxy-apatite stones {rare) 

These give a closely related diffraction pattern, but give fittle or no efferves- 
cence with acids. 

Type C. The calcium oxalate stone (? Whewellite) 

This is a common type of kidney stone containing a high percentage of 
calcium oxalate with small amounts of phosphate. It is insoluble in dilute 
HCl and gives no COj. 

Type A • 

Type A is an oxalate stone free from phosphate and quite distinct from 
type C. There was only one example of this type from the bright green pig 
mented centre of a large type B bladder stone. 

Type D 

In this class we put the stones which are almost entirely organic, e.g. cystine 
stones. Some type D stones give patterns typical of fibres. , ' , ^ 

The X-ray pattern gives a rapid means of detecting the type, at oes 
detect the actual chemical constitution. 
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i i +ii£» fliffprent tissu63 of tte heart, both 
Although the , been studied by numerous workers, no 

..mmaham and L t whetL there is a differential 

M^nTn'^of Si Ox hearts were used, brought to the laboratory as soon 
as possible after the animal rnTch^^Tri- 

that po^mort^^cha^^^^^^ as free as possible from visible fat. The toe 
ment, 18 j,- -notash for hr. and the inositol was estimated by 

^asdissolvedbyKffuir topto^ It ^as found that, although there 

r “ “"^Si lent .eween ...m ..e 

contained more mositol th.a tia amrcl. o( the aaro. haarr. 
The differences are shown by the following figures: 

Auricle Yeatride 


Big. inositol per 
100 g. 

77-1 
68-9 
92-2 
84:-8 


mg. inositol per 
100 g. 
113-5 - 
85-7 
134-8 
99-3 


Estimation of the inositol content of Pito]e tone has been attempted. 
Hearts were used which showed a well-defined bundle of His. 12 g. of muscle 
were cut out, containing as much of the bundle as possible, and 12 g. from the 
inner wall of the ventricle, free from visible Purkinje toe. Eight experi- 
ments were performed. In every case the muscle with the bundle of His con- 
tained less mositol than that from another part of the same ventricle. Direct 
estimation of the inositol was carried out on 8-6 g. of Puikinie tissue obtaiued 
by dissection from twenty-nine hearts in the course of 3 weeks; each small 
hatch was placed in the same flask with the addition of the required amount 
of potash and was left at -f 3° C. until the last addition, when the whole was 
refluxed. The mositol content was 53 mg./lOO g. Though the Purkinje fibres 
ate unlikely to contain more mositol than the ventricular muscle, it cannot 
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A modified Priestiey- Smith perimeter. By K. A. Webb. 
Physiology Department, University of Birmingham 

The bits of coloured and wliite paper used in the original perimeter do not 
reflect light of uniform intensity and rapidly become dirty and worn. These 
difficulties may be avoided by substituting a point source of light with suitable 
filters ap follows (see Figure) r 

A circular brass disk A is riveted on to a fibre washer B which is screwed 
into the main bearing, thus insulating it; the disk is connected to one pole of 
a battery. The other pole of the battery is connected through the main upright 



to the rotating arm: The lamp housing 0 consists of a metal box J in. x J in. x 
If in. fitted so that it slides on the rotating arm. The back of the lamp housing, 
suitably insulated, has a spring contact D which presses on ^ in. brass rod E, 
suitably bent, fixed to the rotating arm by vulcanite insulators F. To the 
central end of the brass rod is fixed a sprung nipple G (one of the nipples from 
a bayonet-type lamp-holder). This enables contact to be made through the 
complete arc of the circle. 

The light source is 3-6 V. bulb which shines through a in. hole in the face 
of the housing. A slot U is cut on one side of the lamp housing to carry filters. 

Filters can be made by dyeing cellophane red, green and blue and mounting 
between glass. The light absorption by the filters was adjusted by (a) time in 
dye and (6) concentration of the dyes. A photo-electric cell was used to measure 
the light transmitted. 
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aa in brain tissue which had been dried in a desicciilor powdered before 
use [Feldberg, 1944]. In all these instances the synthesis took place aerobically 
and depended on the presence of some particulate matter, though not neces- 
sarily on that of intact cells. Recently Ifachmansoba & Machado [1943] have 
shown that acetylcholine is formed anaerobically in homogenized brain tissue 
provided that adenosine triphosphate (ATP), fluoride, eserine and choline are 
added. This we were able to confirm. At the same time, however, we noticed 
that very little acetylcholine was formed aerobicall)') ia spite of its known 
aerobic formation in brain slices and pulp. In order to explain this dis- 
crepancy, we carried out a number of experiments, the main results of which 
are as follows : 

(1) The enzyme system which catalyses the formation of acetylcholine in the 
presence of ATP has been obtained in the form of ccU-free solutions, prepared 
by extraction of acetone-dried and powdered rat’s brain. In 1 In:., at 37° C., 
140-400jtg./g. acetylcholine was formed, which con'esponds to 500-1430pg.(g,' 
dry material contained in the extract. 

(2) Only about half this amount of acetylcholine was formed aerobically. 
However, reduced glutathione or cysteine brought the aerobic synthesis of 
acetylcholine to almost the same level as that observed anaerobically. O^dized 
glutathione or cystine, on the other hand, inhibited the synthesis of acetyl- 
choline in air as well as in nitrogen. - 

(3) Unlike the homogenized brain tissue, the extracts prepared from the 
acetone powder only very slowly liberated ortho-phosphate from ATP. The rate 
at which free phosphate was split off remained the same in the presence and 
in the absence of oxygen and was not affected by the addition of choline. 

(4) The function of ATP has been found to be specific. ATP could not be 
replaced by either adenosine diphosphate, ihosine triphosphate or adenylate 

(5) Glucose, fructose and certain phosphorylated sugar derivatives inhibited 
the formation of acetylcholine. This coidd be explained by an esterification of 
the labile phosphate groups of ATP. 

(6) The formation of acetylcholine was enhanced by K-ions and diminished 
by Ca-ions. Ca-ions inhibited, but K-ions did not affect the Hberation of 
inorganic phosphate from ATP. 
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yet be said with certainty that they contain less, since it is difficult to free the 
hbres co^ective tissue with which they are intimately bound up. Davies 
Francis [1941] have drawn attention to this source of error in the case of 
. gtycogen estimation in the frog’s heart. • ' ' ’ 
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of adenosine triphosphate on a water diuresis in man. 

Dy H. N. Green and 'H. B. Stoner. Department^ of Pathology, The 
Vniversxty, Sheffield 

The effect of the intravenous injection of the magnesium salt of adenosme 
trip osphate (ATP) on a water diuresis was observed in three normal male 
su jects. When ATP was given at the same time as a htre of warm water there 
WM no delay in the onset of diuresis, but its degree was significantly reduced. 

out 46 min. after the injection certain symptoms appeared. The subject felt 
CO vdth general malaise, headache and shivering. This was succeeded by a 
sensation of warmth and sleepiness. At this stage there was a rise in oral tem- 
perature as high as 102° F., persisting as long' as hr. The dose of ATP 
required to produce, the effect varied from 0-26 to 1-78 mg./kg. body wt. 

Under the conditions in which the subjects were living the urine was fre- 
quently alkaline. When it was acidified with NH^Cl (6 g. daily by mouth) the 
effective dose of ATP was reduced — in the most resistant subject by one-third. 

If it should prove that ATP plays a part in the shock syndrome, then these 
observations would throw some fight on the nature of traumatic oliguria and 
aseptic traumatic fever. After severe trauma in human subjects the urine is 
always acid, and in a series of 109 cases we have found that the intensity of 
the oliguria varies with the degree of muscle damage. 

- The elucidation of the findings is still in its preliminary stages, but it seems 
probable that they represent a pre-renal deviation of water. Apart from their 
relation to shock, the findings seem to bear on the relationship between the, 
heat-regulating mechanism and the water distribution of the body. 


A,cetylcholine formation in cell -free extracts from brain. By 

W. Feldberg and T. JIann.* Physiological Laboratory and the Molteno 
Institute, Cambridge 

Synthesis of acetylcholine has been shown to occur in brain slices and pulp 
[Quastel, Tennenbaum & "Wheatley, 1936; Stedman & Stedman, 1937] as well 

* * Senior Beit 3Iemorial Research FcJIow". 
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as in brain tissue vrhicb had been dried in a desiccator and powdered before 
use [Feldberg, 1944]. In all these instances the synthesis took place aerobically 
and depended on the presence of some particulate matter, though not neces- 
sarilr on that of intact cells. Recently Xachmansohn 3: Machado [1943] have 
shown that acetylcholine is formed anaerobically in homogenized brain tissue 
provided that adenosine triphosphate (ATP), fluoride, eserine and choline are 
added. This we were able to confirm. At the same time, however, we noticed 
that very little acetylcholine was formed aerobically, in spite of its known 
aerobic formation in brain slices and pulp. In order to explain this dis- 
crepancy, we carried out a number of experiments, the main residts of which 
are as follows: 

(1) The enzyme system which catalyses the formation of acetylcholine in the 
presence of ATP has been obtained in the form of cell-firee solutions, prepared 
by extraction of acetone-dried and powdered rat’s brain In 1 hr., at 37' C., 
140-400/zg., g. acetylcholine was formed, which corresponds to 500-1430/ig., g.' 
dry material contained in the extract. 

(2) Only about half this amount of acetylcholine was formed aerobically. 
However, reduced glutathione or cysteine brought the aerobic synthesis of 
acetylcholine to almost the same level as that observed anaerobically. O^dized 
glutathione or cystine, on the other hand, inhibited the synthesis of acetyl- 
choline in air as well as in nitrogen. • 

(3) Unlike the homogenized brain tissue, the extracts prepared &om the 
acetone powder only very slowly liberated ortho-phosphate horn ATP. The rate 
at which free phosphate was split off remained the same in the presence and 
in the absence of oxygen and was not affected by the addition of choline. 

(4) The function of ATP has been found to be specific. ATP could not be 
replaced by either adenosine diphosphate, inosiue triphosphate or adenvlate 

(5) Glucose, fructose and certain phosphorylated sugar derivatives inhibited 
the formation of acetylcholine. This conld be explained by an esterification of 
the labile phosphate groups of ATP. 

(6) The formation of acetylcholine was enhanced by K-ions and diminished 
by Ca-ions. Ca-ions inhibited, but K-ions did not affect the liberation of 
inorganic phosphate from ATP. 
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Toxic extract from blood plasma of shocked animals. By H. N. 

Gkeen and H. B. Stoneb. Department of Pathology, The University, Shield 

Green & Stoner [1944] found that the injection of magnesium salts increased 
the sensitivity of animals to the shock-inducing action of adenositie triphos- 
phate (ATP) and related compounds conta inin g a purine-pentose linkage. 
Magnesium-treated animals were also more sensitive than tm treated animals to a 
variety of shock-inducing measures. Hitherto we were not able to detecfwith 
any certainty the presence of substances toxic to the whole a nim al in the blood 
or lymph from animals in shock. Using the magnesium-treated mouse as 
indicator, positive results have now been obtained. 

Blood plasma from ra,ta and rabbits in ischaemic shock, and from rats in 
glucose dehydration shock, was mixed without delay with acetone. After 
filtration, the residue was washed with acetone and ether- and air-dried. The 
residue was then extracted with normal saline, boiled, and the filtrate from this 
used for animal injections. This procedure corresponds to the first stage in the 
method used by Bielschowsky & Green [1943] to prepare ATP from striated 
muscle. 

On injection into Mg-treated (0'6-0-76 mg. Mg/10 g. body wt.) mice, most 
animals were quickly prostrated by the ‘shock plasma ’ extract, and unaffected 
by equivalent amounts of extract &om normal plasma. The effective dose has 
varied with a range equivalent to 1-3 c.c. ‘shock plasma ’/lO g- mouse. 

A plasma of greater potency wks obtained from the shocked animal when 
the animal was injected with magnesium, and bled, when prostrate. Under 
these conditions as little as 0-5 c.c. plasma/10 g. mouse has proved lethal to 
the Mg-treated mouse. 

These facts suggest that the toxic factor in ‘shock plasma’ may be ATP 
or related compounds. The more potent plasmas had an action equivalent to 
that of 1—2 mg. ATP/c.c. Pre limin ary chemical studies do not indicate that 
ATP, or its metabolites, is present in such large amounts and we therefore 
reserve judgment on the nature of the toxic factor(s) in ‘shock plasma . 
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Excitatory and inhibitory’ processes in the synthesis of the sensa- 
tions of colour and of white. By Gcstaf F. Gothlix, U ppsala 
(introduced by H. E. Roaf) 

Sensations of colour require three sets of nerve impulses, each set corre- 
sponding to one ■ fundamental’ colour. The ‘fundamental’ colours, when at 
levels sufficiently high to produce a coloured sensation, inhibit the effect of 
impulses which would produce the complementary colour. 

Red and green are two of the ’fundamental’ colours. By the following 
method, the quality of the third ‘fundamental’ colour was found to be blue. 
Using wave-lengths from 4’20 to 160 m/x and gradually increasing the intensity 
of the radiation, the subject was asked to name the colours as they appeared. 
Following a photochromatic interval he saw the first recognizable colour as 
blue. The red elements in the colour did not appear until higher intensity levels 
were reached. These observations suggest that the ‘fundamental’ colour is 
blue and that violet is a compound in which a red element is added to the 
‘fundamental’ blue. 

Colour synthesis takes place in two stages. ‘Fundamental’ red and ‘funda- 
mental’ green when of appropriate intensities balance each other produemg a 
sensation of yellow. If either red or green predominates, the yellow is tinted 
with red or green. If the intensity of yellow balances that of blue, a colourless 
or white sensation results. If the yellow and blue do not balance, the corre- 
sponding colour will be seen. A lack of balance at both stages will produce 
various colours, e.g. if the red preponderates at the first stage and blue at the 
second, a sensation of violet will be produced. 

-There are three points to be noted. (1) Inhibition is an important factor in 
the recognition of colour. (2) The third ‘fundamental’ colour is blue 
(3) A mechanical analogy of two balances, the second suspended from one 

arm of the first, can be used to explain the effects of the comhination of 
colours. 
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Lipids in maternal and foetal blood-plasma of sheep. By J. Barcboft 
and G. PopjijK.* A.R.C. Unit of Animal Physiology, Cambridge; and 
Department of Pathology, St Thomas’s Hospital Medical School, Lotidon 

The lipid fractions in maternal and foetal sheep plastnata were deternuned at 
various stages of pregnancy. Sheep may he tahen as typical of forms with 
syndesmochorial placentas. The results cannot necessarily be applied’ to other 
mammals. The foetuses were delivered by caesarean section .and blood was 
obtained from the umbUical cord. 3 mg. of potassium oxalate per ml. of 
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blood were used as anticoagulant. Phospholipids, total fatty acids and non- 
phospholipid fatty acids (fatty acids of neutral fats and cholesteryl esters) 
were determined by the methods of Bloor (1928, 1929) and cholesterol by 
the method of Popj&k (1943). The results presented in Fig. 1 show that the 
lipids in the foetal plasma follow, more or less, and at a lower level, those in 
the maternal plasma. Their concentration is commonly about one-third to 
two-thirds of the maternal values. The close relationship between maternal and 
foetal plasma lipids suggests, but does not prove, that the lipids pass through the 
placenta and are disposed of in the foetus either by storage or otherwise at 

* Beit Memorial Eesearch Bellow. 
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a considerable ratei Tbe cause of the variations observed in the lipid content of . 
the plasma, both foetal and maternal, demands investigation by controlled 
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The stimulating action of acetylcholine on the heart. 

By R. J. S. ilcDoWALL. King's College, London 

If a dose of acetylcholine is added to Ringer’s solution perfusbig a cat's heart, 
the effect depends on the dose. If the concentration reaching the heart is more 
than 1 in 1,000,000 the typical slowing is seen, but this is followed by a marked 
increase in the force of the beat which may or may not be associated with an 
increased rate. The duration of the increased activity varies in different hearts 
but may be very prolonged and bears no relation to the amount of the slowing. 
The stimulative stage is associated with an increased sensitivity to adrenaline, 
a reduced response to acetylcholine and a tending to extra-systoles. 

Both the stimulation and depression are abolished by atropine, but the 
depressor effect is sooner affected by a small dose of atropine so that marked 
increases of force with large doses of acetylcholine may occur without any 
slowing. The stimulation is abolished by ergotoxine. 

Very minute doses show a stimulation only, and a study of increasing sizes 
of dose suggests that the early stimulation is of the same nature as the late 
stimulation after large doses. Stimulation is associated with increased coronary 
flow and slowing with reducfed flow. 

Similar results have been obtained also on the heart of the frog, the rabbit’ 
and the rat. 


The visibility of blue and yellow. By H. Habtbidge. , 
Medical College, St Bartholomew’ s Hospital, E.C. 1 

Experiment shows that a pattern consisting of alternate blue bars and yellov 
bars is seen under certain circumstances as a pattern consisting of alternati 
black bars and white bars. Some quantitative measurements have been mad^ 
on the effects of the following factors: (1) size of pattern, (2) size of pupil 
(d) mtensity of illumination, , 

Of these three variables, size of pattern has the greatest effect, and intensit 
of lUummation the least effect. 
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Table 1. Effect of size of pattern 
Observations made at 3000 ft.o. and 1 mm. pnpil 


Visual angle 

min. of arc Blue was seen as Yellow was seen as 


8 Strong blue 

7 Blue 

6 Blackish blue 

6 Bluish black 

4 Black ' 


Yellow 
Palo yellow 
Cream 
White 
WTiite 


An increase in pupil diameter from 1 to 3 mm. increases the probability that 
the blue and yellow pattern wiU be correctly seen. Increase in illumination 
from 1 to 3000 ft.c. produces a aimilar result. A possible explanation of the 
phenomenon is as follows : Owing to chromatic aberration of the eye, the blue 
rays form diffuse halos when the yellow rays are forming sharply focused 
images in the retina. In consequence, the yellow images fall on retinal areas 
which are already illuminated by the diffuse blue halos. Since blue rays are 
complementary in colour to yellow rays, the superposition of the blue rays 
causes the yellow rays to be greatly diluted by white light. Further, this 
dilution increases as the pattern gets smaller, thus making the confusion of 
the yellow bars with white bars increasingly likely. 

In the case of the blue bars it would appear that it is not so much dilution 
by white light as loss of light intensity which causes them to be confused with 
black as the pattern becomes smaller. The progressive loss of light intensity is 
shown in Table 2. 


Table 2. Effect of visual angle on loss of intensity of blue rays 

Visual angle Percentage loss of Visual angle Percentage loss of 
min. of arc intensity of blue rays min. of arc intensity of blue rays 
24 6 3 40 

12 10 1-5 63 

6 20 


The importance of taste and smell in nutrition. By H. Hartridqe. 

Medical College, St Bartholomew's Hospital, E.C. 1 

Animals in a wild state under the guidance of their instiucts, seem to be very 
successful iu avoiding nutritional deficiencies. The question which presents 
itself concerns the precise mechanism of this instinct. Is the mstinct to eat 
and to drink similarly due to the activity of chemoreceptors, and if so what 
is their nature and where are they situated? That the receptors for thirst are 
present in the mouth and throat is suggested by the fact that this sensation 
is largely alleviated when these structures are moistened with water, or spraye 
with a solution of cocaine. Two facts suggest the possibility that the cheino- 
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receptors for hunger are the taste buds of the tongue, possibly aided by the 
olfactory mucous membrane: 

(1) On injecting a solution of decholin into the blood stream the subject 
suddenly perceives a bitter taste, so that taste buds can react not only to 
substances placed in the mouth, but can also respond to substances present in 
the blood stream. 

The possibility suggests itself that the decholin may have been secreted by 
the glands of the mouth and tongue into the mouth cavity to reach the taste 
buds in the usual way. But this vievr is rendered unlikely from the \ ery short 
latent period between the arrival of the drug at the tongue and its perception. 

Another point in favour of blood stream stimulation is the extraordinar}’’ 
sharpness with which the perception occurs, and the equal sharpness with 
which it disappears as the drug is swept away again ’m the blood stream. 

(2) In disease of the adrenal cortex in which the sodium chloride con- 
centration of the blood decreases, there is an enhanced susceptibility of the 
taste buds to dilute sodium chloride solutions placed in the mouth. It is more 
than likely that the same thing happens in patients suffering from miners’ 
and stokers’ cramp, and that this is why these patients select foods with a 
high salt content. These facts seem to point to the conclusion that the taste 
buds of the tongue react not only to substances placed in tbe mouth but also 
to substances circnlating in tbe blood. 

A possible mechanism is that the taste-buds average the concentrations of 
substances in the blood and in the mouth. TThen a substance is deficient in 
the blood then its amount in the mouth must be increased in order that the 
concentration in the taste-bads shall remain constant. 


The effect of breathing pure oxygen on the nitrogen dissolved in 
the cerebro-spinal fluid. By B. AIcAkdle (introduced by E. A. Cak- 
MiCHaxi,). National Hospital for Nervous Diseases, Queen Square, TF.(7. 1 

The value of breathing pure oxygen to prevent ‘bends’ depends upon 
the rate at which nitrogen is eliminated. The lumbar cerebro-spinal fluid of 
young and middle-aged subjects of both sexes was collected over mercury in 
a special pipette designed for the purpose, in such a way that at no time did 


Length of 0- 
uihalation 

Subject in mm 

1 _ 

o __ 

3 _ 

4 _ 

A\ erage 

5 i6 

6 13 


Table I 

Xj in cA.r. 

% Subject 

0-896 7 

0-933 S 

0-906 9 

0-S98 10 

0-9QS a 

0-806 lo 

0-683 


Length of 0. 
inhalation 
in min. 

40 

62 

75 

100 

120 

135 


Xj in cjs.r. 
voL % 
0-467 
0-381 
0-319 
0-238 
0-299 
0-136 
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it come into contact with the air. The diasolved Nj was determined by the 
method and using all the precautions of Van Slyke, Dillon and Margaria, 
except that 5 c.c. instead of 16 c.c. 
samples were used. Preliminary i* 

determinations of the Bunsen solu- q- 

bility coefidcient of Nj in water using 
5 c.c. samples had given results ^ 
agreeing very closely with those of -3 
Van Slyke. Eight subjects inhaled 
pure oxygen for varying periods. 

Results. These are given in -9 0-4 
Table 1 and in Eig. 1. 

The figures obtained showed the 
rate of elimination to follow a curve 
which, if extrapolated, would sug- 
gest completion in about 6 hr. 

Behnke, by following the con- 
tent of the expired air in subjects 
breathing pure Oj, was able, pro- 
vided he made certain assumptions, to plot curves for the rate of Ng 
elimination from the water and the fat of the body. A comparison of the 
cerebro-spinal fluid elimination curve with those of Be hnk e shows that the 
Ng in the cerebro-spinal fluid is relatively slowly eliminated though not as 
slowly as from fat. It is assumed that this is due to the relatively small area 
in which cerebro-spinal flxiid is in contact with vascular structures. 
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Duration of 0, inhalation in minutes 
Fig. 1. The o.s.F. Nj content of subjects 
breathing pure Oj . 


The diuretic response of men working in hot and humid conditions. 

By J. S. Weiner (introduced by E. A. Carmichael). Medical Research 
Council, Neurological Research Unit, National Hospital, Queen Square, W.C. 1 

Ten young men, aged 20-35 years, did the following work in ordinary room 
conditions and also at 100° F. dry bulb, 93° F. wet bulb (r.h. 77 %, eff. temp. 
94° F.): after a drink of 750 c.c. of water, 5 min. step-climbing up and down a 
stool 1 ft. high 24 times/min., every 20 min. The work was repeated six times 
(but in the hot room only after some days of acclimatization). The rectal 
temperature generally approached 102° F. after 2 hr. in the hot room, with a 
sweat loss of about 1 l./hr. after the first hour. The sweat loss was replaced 
every 20 min. to preserve water balance. Sixty-six experiments in the heat and 
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tweuty-&ve in the cold ^eie made. The response to 750 c.d of water in the cold 
without work was studied on sixty occasions. The results have been consistent. 
Fig, 1 shows typical findings on one subject. 

In the cold, with or without work, diuresis varying in degree (cf. Barclay &. 
Nutt, 1944) was obtained in nearly every case. FoUowmg extra water in the 
morning, the afternoon response was generally quite marked, about 700 c.c. 
urine being returned during the exercise period. After work, the average rate 
of urine flow was very low. In the heat, on sixty of the sixty-six occasions, the 
urinary output fell markedly in the 2 hr. work period, in spite of total replace- 
ment of sweat loss. Sometimes the fall was delayed until about the time 
sweating became profuse. The total excretion was nearly always less than half, 
often less than a third, of that in the cold. A diuresis usually occurred about 
an hour after leaving the hot room (Fig. 1). 



Pig. 1. Urinaty flow before and after drmkiiis 750 c.c. wa.ter. At first arrow 750 c.c. water druni. 
Between arrows 6 min. work carried out every 20 min. 

The cause of this consistent reduction in urine output in the heat cannot yet 
be stated. Clearly a failure in absorption of water from the alimentary tract 
must be distinguished from a specific alteration in kidney function. 
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Vagal activity and the tachypnoea produced by multiple pulraonarv 

One current hypothesis of the cause of tachypnoea in multiple pulmonary 
^boh 13 that the pulmonary stretch endmgs become hypersensitive 
tndge. 193o). Alternatively, Megibow, Eatz & Feinstein (1943) have suggested 





